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To determine the efficacy and advisa- 
bility of prolonged medical treatment of 
thyroid overactivity, all hyperthyroid pa- 
tients seen by the Metabolism Department 
of the New Haven Hospital and Dispens- 
ary during the past 3 years have been 
thiourea, usually together with 
trong solution of iodine. This antithyroid 
¢ was used because initial trials indi- 
cated that it is not only at least as effective 
The 
results of this treatment analyzed in this 
paper and compared with those obtained 


riven 


thiouracil but also less toxic.) 


h other therapeutic measures indicate 
that. control of hyperthyroidism is pos- 
for long periods of time in most 

patients. 
Viateria's and Methods. Of 118 patients 
studied, the average age was 45.4 years. 
e than four-fifths of the patients were 


between 20 and 60 years of age. The oldest 
patient treated was 79 and the youngest 16. 
Females outnumbered males 4 to 1. 

The diagnosis of hyperthyroidism was 
based on the clinical history and physical 
findings, the level of the basal metabolic rate 
and the concentration of precipitable or hor- 
monal iodine in serum. This last measure- 
ment?" has proved to be a_ particularly 
sensitive index in the diagnosis of thyroid 
overactivity. In hyperthyroidism the serum 
precipitable iodine is greater than 8 gamma 
per 100 ec., and in hypothyroidism less than 
4 gamma per 100 cc.” In 16 of the patients 
recurrent hyperthyroidism followed previous 
thyroidectomies. An isolated adenoma was 
noted in 7 of the 118 patients of the group. 
In the others the glands were diffusely en- 
larged, with or without nodulation. Exoph- 
thalmos or other eye signs such as stare or 
widened palpebral fissures were observed in 
more than a third of the subjects. Auricular 
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fibrillation replaced the sinus mechanism in 
7 instances, and signs of congestive failure, 
i. e., rAles with or without edema, were found 
in 12 of the group before treatment. 

The therapeutic regimen with respect to 
the size of the daily dose of thiourea and the 
concomitant use of strong solution of iodine 
was varied at intervals in each patient, so 
that appropriate principles of therapy could 
be evolved. Treatment was limited to thio- 
urea alone in 20 of the patients. The other 
98 were given 5 to 15 drops of strong solu- 
tion of iodine daily prior to, or at the time of, 
administration of thiourea and continued to 
take it throughout the course of treatment. 
The daily intake of thiourea ranged between 
280 and 15 mg. but remained constant in 
any particular patient during periods of at 
least 6 weeks. In most patients, however, 
the dosage of the drug was reduced following 
the appearance of remission. During the 
first few weeks of therapy, and thereafter 
as necessary, the clinical states of the patients 
were checked at intervals with examinations 
of the urine, the formed elements of the 
blood, and measurements of the basal meta- 
bolic rate and serum precipitable iodine. 

Of the 118 patients who were started on a 
medical regimen to control thyroid over- 
activity, 11 have been treated for 2 years or 
longer, 46 for 1 to 2 years and 32 others for 
6 to 12 months. Twenty-nine subjects have 
received thiourea for less than } year. These 
29 are not included in summarizing the 
results on the 89 patients followed during 
periods of 6 months to more than 2 years. 

Eighteen of the original 118 patients are 
no longer under observation; 12 voluntarily 


TABLE 1 
THIOUREA FOR 6 


Body weight 


stopped treatment; 3 moved beyond com 
muting distance; 3 died during the course of 
treatment. Patient B54264, a 42 year ol 
female, died of malnutrition secondary t 
hyperthyroidism which responded initially 
to treatment and relapsed when the patient 
decreased and discontinued the intake of 
drugs. The other 2 patients, B34401 and 
PC2473, died of ulcerative colitis and pul- 
monary infarction respectively. The remain- 
ing 100 patients continue visits at intervals 
of 4 to 12 weeks. 


RESULTS. Effects of Thourea Adminis- 
tration. The response to therapy has on 
the whole been satisfactory. From Table | 
which contains data on 89 cases treated 
6 months or longer, it is evident that the 
progressive weight loss which characterized 
the hyperthyroid state in 87% of the 
patients was either checked or, more often, 
replaced by weight gain. The increase in 
body weight ranged from 2 to 22.5 kg., 
with 3.5 as the average. The pulse de- 
creased to 90 per minute or lower in all 
but 7% of the patients. The rate before 
treatment in the group as a whole averaged 
94 per minute. The average at 6 or more 
months of treatment was 76 per minute 
The basal metabolic rate for the group 
was +39% before treatment and declined 
to less than +20% in 4 out of every 
5 eases treated, with an average of +10% 
following medical - therapy. However, 
with a combination of these different cri- 
teria there were 23 patients whose hyper- 


Stratus oF 89 HYPERTHYROID PATIENTS BEFORE AND AFTER TREATMENT WITH 
MonTHS OR LONGER 


3efore treatment 


After treatment* 
, ‘ 


% of cases) % of cases) 


Constant or increasing 13 £3 

Decreasing S7 17 
Pulse rate: 

66 to 90 per minute 6 93 

91 to 144 per minute 44 
Basal metabolic rate: 

Less than +21% 16 80 

Greater than + 20% 20 
Serum precipitable iodine: 

Less than 8 gamma per 100 cc. 0 60 

Greater than 7.9 gamma per 100 cc. 100 407 


* Six months or more of treatment. 


Tt In only 10% of the 66 patients whose hyperthyroidism appeared to be controlled by thiourea ws 
the serum precipitable iodines above euthyroid levels (see *‘results”’ 
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PROLONGED MEDICAL TREATMENT 
thyroidism was only partially controlled 
by thiourea. Two did not follow medica- 
tion faithfully; 15 were on small doses of 
thiourea, only up to 100 mg. daily (4 on 
25 q.d.; 3 on 25 b.i.d.; 7 on 25 t.id. and 
| on 50 mg. b.i.d.). Three had been preg- 
nant, and following delivery regulation of 
thyroid overactivity had to be modified. 
Three on 70 mg. of thiourea b.i.d. or t.i.d. 
metabolic rates between +27 
and +35%, but their pulses ranged from 
72 only up to 84. Of these, the weight of 
| was increasing, of | was constant and of 


basal 


| was decreasing. 

At the time the diagnosis of hyperthy- 
roidism was made the values of the serum 
precipitable or hormonal iodine ranged 
from 8.1 to 27, averaging 12.7 gamma. 
With treatment the serum precipitable 
iodine decreased toward or to normal in 
83% of the patients. 

Following 6 or more months of therapy 
with thiourea 53 patients had serum pre- 
cipitable iodines below 8 and 36 serum 
7.9 gamma. 
Only | of these iodines above 8 gamma 
is an exception to the rule that euthyroid 
levels of serum iodine occur after control 
of hyperthyroidism with thiourea. Patient 
B36869 had 210 mg. of 
thiourea and 15 drops of strong solution 


precipitable iodines above 


who been on 


of iodine daily had an iodine of 11 gamma 
in spite of the fact that his basal meta- 
bolic rate was +8% and his pulse 66. 
Not too much significance can be attached 
to the iodines above 8 gamma of 4 other 
patients in whom hyperthyroidism seemed 
to be controlled. All of them were taking 
only 50 mg. of thiourea and 15 drops of 
strong solution of iodine daily. One had 
had serum precipitable iodines in the 
euthyroid range when on larger doses of 
thiourea. Two did not follow precisely 
the prescribed medication. The fourth 
ha ! improved clinically without reduction 
in basal metabolic rate. Of the 36 patients 
With serum precipitable iodines above 
S camma, 23 were those patients whose 
hyperthyroidism had been only partially 
coitrolled by thiourea. Six had iodines 
ratging from 8 to 8.4 gamma, values which 
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HYPERTHYROIDISM WITH THIOUREA -0 
differ from the euthyroid maximum by 
less than the experimental error of the 
method. ‘Two had stopped thiourea | and 
2 months previously. As yet it is too soon 
to know if the increase in serum precipit- 
able iodine represents an exacerbation of 
hyperthyroid symptoms, or a temporary 
rebound after withdrawal of thiourea. 

Clinical improvement in symptoms and 
signs, such as nervousness, palpitation, 
vasomotor phenomena and tremor ac- 
companied the gain in body weight, the 
disappearance of tachycardia, and the 
return to normal of the rate of oxygen 
consumption and the level of hormonal 
iodine. 

‘It is of interest in view of the frequent 
increases in exophthalmos reported after 
thyroidectomy" that in no instance was 
there any discernible progression in eye 
Furthermore, in 5 of these patients 
with pronounced and unequal exophthal- 
mos distinct subjective and objective im- 
provement occurred. In 1 of these, serial 
observations were made by an ophthal- 


signs. 


mologist which revealed regression toward 
normal concomitantly with treatment by 
thiourea and strong solution of iodine.* 

Congestive failure decreased or disap- 
peared in all 12 patients in whom objective 
findings were present prior to treatment. 
Control of the hyperthyroidism undoubt- 
edly played a réle in this improvement 
but this cannot be proven because digitalis 
was given as well. Fibrillation persisted, 
however, in all but | of the patients. 

In this series of patients no definite 
toxic reactions were observed. Occasional 
patients reported anorexia and nausea at 
the start of therapy. This invariably dis- 
appeared, however, following continued 
therapy with the same, or with smaller 
doses of thiourea. In 3 subjects, aged 72, 
70 and 44 respectively, ulcerations ap- 
peared following thrombophlebitis of vari- 
cosities of the lower legs. Since these 
healed in the face of continued medication, 
classification of these developments as 
toxic manifestations seems unwarranted. 
No untoward changes in the formed ele- 
ments of the blood and urinalyses were 
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noted during treatment of 118 patients in 
this group. Ina previous report 2 patients 
who developed drug fever shortly after 
beginning thiourea have been noted.’ 
These are not included in this report, since 
treatment lasted but a few days 

Effects of Thiourea Withdrawal. Data 
are available on 8 patients who have been 
observed for 5 to 16 months following a 
course of thiourea which lasted from 6.2 
to 24 months. The current status of these 
patients together with data from the ante- 
cedent history is presented in Table 2. 
At the time the thiourea was stopped the 
body weight had increased in all but 
| patient, Pe, who voluntarily restricted 
her caloric intake. The highest pulse rate 
after treatment was S80, and the basal 
metabolic rates ranged from —29 to +8 %. 
The serum precipitable iodine was less 
than 8 gamma per 100 cc. in all members 
of this group 

Despite withdrawal of thiourea bod) 
weight changes, the pulse rate and the 


basal metabolic rate are still within euthy 
roid limits in all 8 patients. The serun 
precipitable iodines, however, have agait 
risen above 8 gamma in 3 of the 8 subject 
in whom it has been measured. To dat 
this last change has been accompanied by 
recurrence of clinical symptoms of hyper- 
thyroidism in | of these patients, So 
while the other 2 patients have failed to 
return for their appointments. 
Discussion. These results with unselect- 
ed patients indicate that long-term medi- 
cal treatment of hyperthyroidism is quite 
practical in most cases. Within 1 to 2 
months of the start of thiourea therapy, 
preferably supplemented by the adminis- 
tration of strong solution of iodine, the 
patient reports subjective improvement 
This is accompanied by objective evi- 
dences of a decreased level of metabolism 
with a cancellation of body weight losses 
and a disappearance of the tachycardia 
This favorable clinical response is elicited, 
however, only when an optimal therapeu- 


Taste 2.—Sratus oF Patients 5 To 16 Montus Fo_tLowinG WITHDRAWAL OF THIOUREA 
Serum 
Strong precipitat 
rime from solution Bod Pulse iodine 
start rhiourea iodine weight rate BMR gamma | 

Pat mos.) mg. per da ops per day) kg per mir %) 100 c« 
B59207 0 56.5 104 +11 10 9 
0-20 280 -25 XV 7 SS 74 ( 5 
20-32 0 0 5 3 

B58332 53.0 x4 1. 27 10 ¢ 
0 -22 280 25 0 55 0 e0 
22-28.5 0 57 4 72 
50359 0 19 9 s4 +4] 9% 
0-18 XV 61.4 70 14 2 
1S—2S 0) X\ 63.5 S4 +19 13 4 
(34630 0 63.08 100 +3] & 
0-23 280-15 0 66 0 J 
93 0) 0 ho 5 4 

Pe 0 .1 6S + 23 11 
0-17 0 XV 18 SO § 

17-33 0 XV +12 

B70975 0 60 3 SO 4.54 11 ¢ 
0-7.2 210 0 66.1 56 + 5 
0 64 7 76 + § 45 

Ho + 36 ll 
0-6 .2 210-35 X\ 70 O 64 IR 

6.2-17.2 ) XV 67.9 78 +16 12 

A10705 0 59 2 R4 13 12 | 
0-24 280-25 0 «0 60 —15 5 65 

44-32 .2 0 0 S82 9 56 
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PROLONGED MEDICAL TREATMENT 
tic regimen is employed. This must 
include the administration of thiourea in 
For most patients this 


has been found to be 75 to 210 mg. daily."® 


effective doses. 


The clinical response to these amounts of 
thiourea is enhanced by the concomitant 
use of strong solution of iodine. Not only 
does it accelerate the onset of the remis- 
sion, but it also increases the magnitude 
of the response.” This is true even though 
iodine solution has been given prior to 
the start of thiourea. This action of iodine 
treatment, 
since its withdrawal often produces an 


continues during prolonged 
exacerbation in previously controlled hy- 
perthyroidism, despite a continued intake 
of thiourea. These additive effects of 


thiourea and iodine solution have been 


amply demonstrated in control studies 
and may be attributed to the capacity of 
iodine solution to act directly on the thy- 
roid gland, inducing a resting phase and 
at the same time blocking thyrotropic 
hormone which increases thyroid activ- 
itv.'° These 2 


thyroid oversecretion and do not inhibit 


actions tend to decrease 


thiourea and related compounds from 
blocking the conversion of diiodotyrosine 
and thyroxine to thyroid hormone. The 
impression, held at first, that iodine inter- 
fered, was based in part on sporadic cases 
which would have responded poorly under 
any circumstances, and in part on clinical 
experiences in which the iodine solution 
was discontinued at the time the antithy- 
roid drug was started.* 

The ideal therapeutic program should 
also include adjustments in the dose of 
thiourea once the hyperthyroidism has 
Otherwise 
the continued administration of the drug 


been brought under control. 


the amounts initially used to induce : 
remission may result in hypothyroidism 
or myxedema. This can be prevented or 
corrected by reducing the intake to as 
low as 50 or 25 mg. daily or by adding 
iccated thyroid, 0.03 gm. or more, to 
th therapeutic regimen.26 The first ad- 
ju-tment is to be preferred, since it 
ii uimizes the number of medications and 
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the amount of thiourea taken by the 
patient. 

The importance of an optimal therapeu- 
tic regimen is emphasized by the results 
in this group of patients. Failure of the 
basal metabolic rate to decrease to nor- 
mal in approximately one-fifth of the 
patients, for example, is to be ascribed 
to an inadequate therapeutic regimen in 
all but 1 instance. Thus 7 of the patients 
were started on an intake of 15 to 50 
and 2 others on 75 mg. of thiourea daily, 


amounts which, it is now known, fre- 
quently prove inadequate. In 3 patients 
the maintenance dose was reduced to 


15 mg. which has since been shown to be 
insufficient. In the 1 patient who received 
an adequate intake of thiourea, 210 mg. 
daily, strong solution of iodine was with- 
held. 
with therapy closer to optimum these 
patients would not have responded satis- 
factorily. This point of view is supported 
by the observation that despite inadequate 
therapy the basal metabolic rate declined 
toward normal in most of these patients. 
In the group in which a partial return of 
the basal metabolic rate occurred the aver- 
age value before treatment was +50%, 
and +29% after therapy. The presence 
of a certain number of such cases with 


There is no reason to assume that 


an incomplete or absent response is ap- 
parent in retrospect, since in the experi- 
mental plan designed to elucidate certain 
principles of treatment patients were 
placed on regimen which now appear to 
be not entirely adequate. It is quite 
likely that strict adherence to the thera- 
peutic principles which have since been 
established would have yielded more sat- 
isfactory results. 

Other factors may, however, be opera- 
tive as well in preventing an adequate 
clinical response. In the group which 
continued to lose weight, persistent thy- 
roid overactivity was evident in only one- 
half of the patients. In these treatment 
was unsuccessful either because the pre- 
scribed regimen was inadequate or, less 
often, because the patient failed to follow 
instruction. In the remainder the weight 
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loss resulted from other causes. Ulcera- 
tive colitis was present, for example, in 
| patient, 3 patients lost weight following 
normal pregnancies and deliveries, and 3 
voluntarily restricted their intake of food. 
This interpretation is supported by the 
associated findings of a decrease in clinical 
symptoms and signs as well as in the basal 
metabolic and pulse rates. 

The finding of precipitable iodine values 
greater than 8 gamma per 100 ce. in 
patients several months after they have 
been taken off thiourea suggests that some 
measure of thyroid overactivity still exists. 
In | patient adequately followed this was 
associated with clinical evidences of a 
recurrence of hyperthyroidism. The sig- 
nificance of the rise in serum precipitable 
iodine of 2 other patients without simul- 
taneous definite signs of hypermetabolism 
is as yet undetermined. Several possi- 
bilities exist. The original disease may 
still be present in an attenuated form 
detectable only by a sensitive test such as 
the serum precipitable iodine. On the 
other hand the dissociation may merely 
be a lag phenomenon, and with time clini- 
cal and other laboratory evidence of in- 
creased metabolism may appear in these 
patients. The question as to the probabil- 
ity of an ultimate cure of hyperthyroidism 
by prolonged medical treatment remains 
unsettled. 

That the measurement of serum precip- 
itable iodine is an extremely sensitive test 
of hyperthyroidism is exemplified in a de- 
tailed study of the patients. The patients 
in Table 1 after treatment frequently 
responded poorly with respect to only 1 of 
the 3 criteria, weight change, pulse rate or 
basal metabolic rate, yet in addition the 
serum precipitable iodine remained above 
8 gamma per 100 cc. That is why the 
percentage of cases with iodines above 
8 gamma is approximately equal to the 
sum of the percentages of cases without 
satisfactory weight gain, reduction in pulse 
rate and decrease in basal metabolic rate. 

Omission of iodine solution in prolonged 
treatment may increase the possibility of 
a permanent remission or cure. Since 


only 13 of the 89 patients were not given 
iodine solution, no conclusion can be 
drawn. However, of the 8 patients listed 
in Table 2 whose hyperthyroid symptoms 
had abated sufficiently to permit with- 
drawal of thiourea medication, 5 had not 
been given iodine solution. The patient, 
So, in whom hyperthyroid symptoms re- 
curred to a degree that she returned to 
thiourea medication, was | of the patients 
who had been treated previously with 
both strong solution of iodine and thiourea. 

There are advantages and disadvantages 
inherent in any type of treatment for 
hyperthyroidism, whether it be medica- 
tion with antithyroid compounds, surgical 
removal of the gland, or irradiation of 
the gland directly or by the administra- 
tion of radioactive iodine. The problems 
of the individual patient may be of con- 
siderable help in making this decision. A 
medical regimen is undoubtedly the treat- 
ment of choice for elderly patients, for 
those with heart disease, with exophthal- 
mos or with hyperthyroidism recurring 
after thyroidectomy. Possibility of anes- 
thetic or operative death, recurrent laryn- 
geal nerve injury, progression of exoph- 
thalmos or hyperparathyroid tetany aré 
all eliminated. 
these risks are by no means inconsiderable 


Statistics indicate that 


The mortality associated with thyroid 
surgery, for example, ranges up to 3% 
and is undoubtedly higher in smaller 
clinics. Injuries to the nerve supply of 
the vocal cords are by no means rare. 
Exophthalmos is reported to progress 
following thyroidectomy in more than 
one-half of the patients with toxic diffuss 
Hypoparathyroid tetany is a 
definite risk in patients subjected to thy- 


goiters.! 


roid ablation. Moreover, both recurrence 
of hyperthyroidism (13 to 25% of cases 
and postoperative myxedema are not 
infrequent sequelle of thyroidectomy.’ 

Radioactive iodine therapy of hyperthy- 
roidism will, of course, obviate most of 
the risks inherent in surgical treatment 
of hyperthyroidism. It may well create 
new problems. The questions as to 
whether the course of renal disease will 
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be accelerated by passage of the radio- 
active isotope through the glomeruli and 
tubules, and whether irradiation of the 
thyroid gland will predispose to neoplasia 
are as yet unanswered. 

Disadvantages often cited in criticism 
of medical control of hypothyroidism 
apply also to other methods of treating 
thyroid overactivity. The patient’s co- 
operation is necessary and interval visits 
for check-ups over long periods of time 
must be continued, whether medical treat- 
ment or surgical intervention has been 
selected. If either treatment is improperly 
conducted, myxedema or exacerbations 
will develop. Medical treatment does 
fail to relieve pressure symptoms and 
deformities. Also, it is not entirely 
benign. Reactions to thiourea in our own 
series have been limited to occasional 
gastro-intestinal distress and to drug fever 
in 2 patients. With much larger amounts 
of this drug, since shown to be unneces- 
sary, other untoward effects have been 
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reported.*: On the whole, however, thio- 
urea has proven to be less toxic than 
thiouracil.4* Other compounds such as 
propyl-thiouracil may, however, prove to 
be as efficacious and non-toxic as thiourea. 
The principles established for the use of 
thiourea should be applicable to other 
goitrogenic substances, since they are 
based on the fundamental physiology of 
the thyroid. 

Summary and Conclusions. 1. One 
hundred and eighteen patients with hyper- 
thyroidism have been treated with thio- 
urea, usually supplemented by 
solution of iodine. 


strong 
Of these, 89 were 
followed for periods of 6 months to more 
than 2 years. 

2. Thyroid overactivity can be con- 
trolled for long periods by these means 
with a minimal incidence of toxic reac- 
tions. In a small proportion of patients 
the hyperthyroidism seems to have dis- 
appeared, 


Che authors are grateful to Mrs. Caro C. Voltz, R.N., and Miss Margaret M. Fallon, R.N., for assist- 


ance in the care of these patients. 
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RvuTIN has recently been introduced into 
the physicians’ armamentarium for the 
treatment of hemorrhagic states mani- 
fested by increased capillary fragility. 
Rutin, as used today, is a flavonal gluco- 
side isolated from the early blossoming 
leaves of the buckwheat plant.’ It was 
originall, discovered in buckwheat in 1860 
and has also been obtained from tobacco 
leaf and rice herbs. 

Several clinical reports have appeared 
concerning successful therapeutic results 
when the drug is used in daily doses of 60 
to 180 mg. and no toxic effects have been 
reported with the purified drug regardless 
of the dosage. Griffith and his co-work- 
ers®.'6.'7 found an increased capillary fra- 
gility among hypertensive patients by 
means of the positive pressure test of 
Goéthlin. They reported that with rutin 
therapy the fragility became normal in 
75% of these patients. Shanno* has found 
rutin to be of definite value in preventing 
the increased capillary fragility associated 
with thiocianate therapy for hypertension. 
Kushlan** has reported the successful use 
of rutin in arresting hemorrhage in a case 
of hereditary telangiectasia and Lindauer”* 
in cases of idiopathic pulmonary hemor- 
rhage. Good results in the treatment of 
increased capillary fragility in hyperten- 
sive patients was also reported by Zfass*® 
who found that larger doses were needed 


* 


in some patients in order to obtain th 


desired results. Recently, however, Me- 


Manus and Landrigan*®® claimed to have 
found no effect of rutin on the increased 
capillary fragility of 10 patients after 
1 month of therapy. 

It should be pointed out that most of 
these studies with rutin have observed its 
effects on increased capillary fragility in 
relatively few diseases. Since decreased 
resistance of capillaries is not confined to 
a single disease, a brief discussion of the 
various factors involved in capillary fragil- 
ity may be considered. 

THe GENERAL PROBLEM OF CAPILLARY 
Fracitity. There are many observations 
concerning the association of increased 
capillary fragility with various diseases 
unrelated to thrombocytopenia; these date 
back many years to Rumpel’s*® observa- 
tions of increased capillary fragility in 
scarlet fever in 1909, and Leede’s” con- 
firmation 2 years later. It has been 
in children,** numerous skin diseases," 
tuberculosis in children,!° various toxic and 
poison states,® hypertension,!"* "74! rheu- 
3 29,38 


and newborn infants 


matic fever,® diabetes mellitus, 
matoid arthritis,“ 
It is not surprising, then, to learn thet 
different pathologic mechanisms are found 
in different cases with increased capillar 
fragility. In a recent review, Peck and 


The rutin used in this investigation was supplied by the Upjohn and Maltine Companies 


Formerly Fellow in Medicine, Long Island College of Medicine. 
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Copley™ have classified these as due to: 
a) rupture of a blood-vessel, (b) per- 
foration of a blood vessel (corrosive or 
ulcerative), and (¢) diapedesis through 
the unruptured, non-perforated wall of a 
blood-vessel. There is also evidence that 
various types of physiologic alterations 
may’ be the bases for these different patho- 
Increased hyaluronidase 
activity may liquefy pericapillary sup- 
porting tissue which is known to contain 
hyaluronic acid. Damage to endothelial 


logic causes. 


tissue may prevent this tissue from secret- 
ing an interendothelial cement substance 
which has been found to act as a pro- 
tective coating for the endothelium facing 
the lumen. Finally, changes in the elastic 
tissue around the capillaries may elimi- 
nate a cushioning effect that such elastic 
tissues are known to have and thus facili- 
tate rupture when pressure is applied. 
Because of the several mechanisms respon- 
sible for increased capillary fragility, Peck 
warns that “the finding that capillary fra- 
gility is counteracted by any one treatment 
must be qualified by the specific conditions 
under which the subject happens to be 
during such treatment.” Also a success- 
ful treatment for capillary fragility occur- 
ring in one disease state may have no 
effect in another disease. 

Numerous tests to determine the state 
of the capillaries have been devised. The 
ests which have been most popularly 
used are: (a) negative pressure tests de- 

sed by Hecht!*® and subsequently modi- 
fied by numerous investigators;’7 (b) 

sitive pressure tests based on the Rumpel- 
test and modified by Géthlin® 
and Wright and Lilienfeld;* (¢) puncture 
(d) Flicking test;?! (¢) Snake venom 
and (f) coneentrated saline test.?* 
right® suggests that the results of any 
t must not be over-interpreted and that 
4 )Os.tive test gives no indication as to the 
ology of the increased fragility. To com- 
picate the general problem, the various 
ts, particularly the negative and positive 
pressure tests, do not necessarily correlate, 


| so care must be observed in comparing 
 results of different investigators. 


Furthermore, it should be noted that 
results of positive pressure tests may vary 
in the 2 arms of the same individual at 
the same time." 

RETINOPATHY AND CAPILLARY FRAGIL- 
iry IN DiaBeres Using vari- 
ous tests, many workers have found a 
greater incidence of increased capillary 
fragility in diabetics than in non-diabetics. 
Using a positive pressure test, Beaser and 
his co-workers*® found a decreased capillary 
resistance in 100% of their diabetic pa- 
tients with associated hypertension and in 
54% without hypertension; the incidence 
was greatest in the 5th and 6th decades. 
Mallery,*’ using positive and negative 
pressure tests, found abnormal capillary 
fragility in 30 of 120 patients with the 
disease. Other factors, such as vitamin C 
deficiency, prothrombin deficiency and 
thrombocytopenia, were ruled out as 
causes. Joslin” reports studies performed 
on 100 patients in his clinic with the 
Gothlin technique; increased capillary 
fragility was found in 41. Using capillary 
microscopy, Davis® found 4 cases of spon- 
taneous capillary petechie among 26 
diabetics. 

A close association has been reported 
between the increased skin capillary fragil- 
ity found by various tests in diabetic 
patients and diabetic retinopathy. Thus, 
Mallery*® found that in the 30 diabetic 
patients with positive skin tests, 24 also 
had retinitis. In a series of 38 patients 
with diabetic retinitis the same author 
found 63% to have low capillary resist- 
ance. Of the 41 above-mentioned cases 
found by Joslin® to have increased 
Géthlin indices, 26 had retinitis, 12 were 
hypertersives without retinitis and only 
3 were without hypertension or retinitis. 
Wagener reports the studies of Fox- 
worthy at the Mayo Clinic using a positive 
pressure method in patients without arter- 
ial hypertension. In a group of 85 non- 
diabetic patients of varying ages, the 
appearance time of the first petechia was 
4.9 minutes, and after 10 minutes the 
average number of petechizw in a circle 
the size of a quarter was 14. Among 
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69 patients suffering from diabetes, with- 
out retinopathy, the appearance time was 
2.36 minutes and the number of petechize 
was 41. Among 44 diabetics with retin- 
opathy the average petechial appearance 
time was 1.5 minutes and their average 
number was 101. In only 1 of the patients 
with retinitis was there a normal petechial 
appearance time and in 4 was the petechial 
count less than 25. 

studied 6 
patients with increased capillary fragility 
None of 
these responded to hesperidin (vitamin P) 


Rudy and his co-workers* 


and associated diabetic retinitis. 
therapy. Foxworthy is reported by Wag- 
ener® to have noticed no improvement in 
the retinopathy of her patients treated 
with hesperidin, although she noted that 
the skin capillary fragility improved in 
many. 

Method of Study. In this stucy an at- 
tempt was made to determine the effects of 
rutin on the capillary fragility and retin- 
opathy of diabetic patients and to ascertain 
whether any improvement in one was ac- 
companied by changes in the other. Twelve 
diabetic patients with diabetic retinal hemor- 
rhages and with markedly increased capillary 
fragility were studied. The former compli- 
cation had been discovered and charted by 
the members of the eye staff of the hospital. 
The patients were saturated with ascorbic 
acid, 100 mg. t.id., for 1 month prior to 
treatment. They were then given rutin, 
20 mg. t.id., daily for 2 months; the dose 
was increased to 40 mg. t.i.d. for another 
month. Five patients were given ascorbic 
acid, 100 mg., 3 times daily, with the rutin 
during the entire period of study. 

Capillary permeability was studied by the 
fluorescein method of Lange” in 9 of the 
patients. All 9 tested had normal capillary 
permeability as determined by this method 
before treatment was instituted. For this 
reason additional fluorescein studies were 
discontinued. 

Capillary fragility was determined by the 
positive pressure test as modified by Wright 
and Lilienfeld.** The blood pressure cuff 
was applied to the upper arm for 15 minutes 
at a pressure midway between systolic and 
diastolic pressures. Two to 4 minutes after 
the cuff was released, the number of petechize 
were counted in a 2.5 em. circle on the flexor 
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the forearm 4 below the 
crease of the elbow. 

During the 3 months of the study, th 
patients were maintained on adequate diets 
All except 1 received insulin, the range of the 
dosage varying from 10 to 55 units. Only 2 
of the patients had glycosuria during the 
period of observation. 


surface of em. 


None reported insu 
lin hypoglyeremie reactions. Throughout 
the period of observation no changes were 
made in the diabetic regimen of any patient 
so that improvement could not be due t 
better diabetic management. 

Each patient had been followed in the 
ophthalmology clinic. One of the authors 
(M. R. C.) reéxamined and charted the 
ophthalmoseopie findings at each visit to 
insure a retinal 
A disappearance of any of the 
previously charted — retinal 
without the advent of new 
corded as an improvement. 


close check-up for any 
changes. 

hemorrhages, 
areas, was re- 

The results of the study are summarized 
in Table 1. The age and blood pressure are 
also recorded 
factors in 
resistance. 


since these are important 


studies concerning capillary 

Results and Comments. After treatment 
marked improvement skin capillary 
fragility occurred in only 3 of the 12 pa- 
Two 
of these 4 had hypertension in whom the 


tients, and slight improvement in 1. 


blood pressure dropped to normal levels 
while under observation; the other 2 had 
normal blood pressure. 
Punctate hemorrhages of 
associated with 


the type 
were found in 
23 fundi of the 12 patients at the onset 
of the study. 


diabetes 


After rutin therapy for 
3 months, improvement was found in only 
Two of the 


patients in whom retinal improvement 


these eye-grounds. 


occurred did not demonstrate an improve- 
ment in the skin capillary fragility. Two 
patients who showed an increase in skin 
capillary resistance did not demonstrate 
any improvement in the ophthalmoscopic 
picture. There were only 2 patients in 
this series who showed improvement 'n 
both the retinal picture and skin capillary 
fragility. Both of these had hypertension 
whose blood pressure returned to normal 
while under observation. 
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None of 
attributed to better diabetic control; nor 
could it be with the blood 
glucose level, the blood cholesterol, serum 


the improvement could be 


correlated 
albumen and globulin levels or concomi- 


tant ascorbic acid therapy. 
the 


Concerning 
the retinal 
picture presented by these patients the 


improvement found in 
small number showing resorption of the 
that 
ean be found without rutin therapy when 


hemorrhages is within the amount 


good control of the diabetes is maintained 
ina patient. It must be pointed out that 
whereas increased capillary fragility may 
play a great réle, factors such as severe 
exertion®’ or insulin hypoglycemic reac- 
tion® can precipitate retinal hemorrhages 
in diabetic patients. Factors of this type 
may be the cause of retinal hemorrhages 
which disappear after a time, only to 
reappear Dolger® followed 200 younger 
diabetic patients up to 25 years and con- 
cluded that not one escaped retinopathy, 


albuminuria andor hypertension. He 
found that retinal hemorrhage was the 
predominant vascular lesion often 


preceded the appearance of albumen or 
hypertension. These retinal lesions were 
not always permanent or progressive. A 
recent study of patients with diabetic 
retinitis by Schneider et al.“° found marked 
Improvement in retinal hemorrhages of 
their patients treated with high protein 
diets. 

With all the variable factors that might 
lead to improvement of diabetic retinitis, 
it is difficult to aseribe our results to rutin 
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therapy. One of our patients (the twelfth 
in Table 1) who showed some decrease in 
skin after 
showed a rapid resorption of the hemor- 


capillary fragility therapy, 


rhages in the fundus after 1 month; these 
areas were quickly replaced by large exu- 
dates and within a short period retinitis 
proliferans developed. During the period 
on rutin therapy, he had undergone a 
tremendous amount of emotional stress 


his blood pressure and diabetic control 


had remained excellent. This patient not 
only illustrated that rapid progression of 
retinitis take under 
rutin therapy, but also demonstrated the 


could place while 
difficulty of establishing an etiologic agent 

Conclusions. pa- 
tients with both increased skin capillary 


1. Twelve diabetic 


fragility and retinal hemorrhages wer 


treated with rutin for 3 months. 

2. Marked improvement in skin capil- 
lary fragility was found in 3 and moderate 
these th 


changes accompanied a reduction of hyper- 


improvement in 1. In 2 of 


tension. 
3. Only 
proved; in 2 of the 5, the retinal hemor 


5 fundi (4 patients) of 23 im- 


rhages cleared up completely. This im- 
provement cannot be directly attributed 
to rutin. Diabetic retinitis progressed 
rapidly in | patient while under treatment 

1. In 2 patients, the retinal lesions im 
proved without a change in the increased 
skin capillary fragility and in a similar 
number, the skin capillary resistance in- 


creased without retinal improvement. 
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PHILADELPHIA, 


PENNSYLVANIA 


From the Research Institute of Cutaneous Medicine, Philadelphia, Pa., and the Department of 
Bacteriology and Immunology, Temple University School of Medicine 


In chemotherapy the matter of admin- 
istration of 2 compounds conjointly in the 
treatment of some of the infectious diseases 
is of considerable clinical interest and im- 
portance. This is based upon the fact 
that better therapeutic results may be 
expected or observed than from the ad- 
ministration of either compound alone. 
Since such combined therapy usua!ly per- 
mits the administration of smaller doses 
of each compound than ordinarily required 
of either alone, the possibility of prevent- 
ing or reducing toxic effects and reactions 
is readily apparent, aside from the fact 
that it sometimes offers a means for the 
successful treatment of mixed infections. 
Furthermore, it appears that such com- 
bined chemotherapy may prevent or re- 
duce the chances of so-called acquired 
drug resistance of infecting microérgan- 
isms and especially in relation to the sul- 
fonamide and antibiotic compounds. 

MECHANISM OF SYNERGISTIC OR ADDI- 
rivE Activity. Theoretically there would 
appear to be at least 3 possible explana- 
tions for the enhanced curative effects of 
combined chemotherapy. In the first 
place, 1 compound may aid, coéperate with 
or potentiate the other with a material 
increase of antimicrobial effects desig- 
nated as synergistic activity. Indeed, this 
potentiating or true synergistic activity 
may not require the presence of a second 
chemotherapeutic compound at all, since 
Frieden has observed that the vitamin 
nicotinamide apparently has this effect 
upon penicillin in vitro for Staph. aureus 
while Schwartzman* states that the sus- 


ceptibility of highly resistant gram-nega- 
tive bacilli to penicillin in vitro may be 
greatly increased by the addition of such 
amino acids as methione, threonine and 
methionine sulfoxide, methione being es- 
sential for the synergistic effects. 

On the other hand, however, the en- 
hanced therapeutic activity may be merely 
a summation of the antimicrobial effects 
of the 2 compounds acting independently 
of each other, designated as additive activ- 
ity; or thirdly, as suggested by Klein and 
Kalter,” the effects may be due to the fact 
that 1 compound, like penicillin, sharply 
reduces the total number of microérgan- 
isms which permits another, like a sulfon- 
amide compound, which is only partially 
bacteriostatic or bactericidal in the pres- 
ence of a large number of cells, to become 
more active in the presence of a smaller 
number of cells. 

3e this as it may, however, it is quite 
certain that synergistic or additive chemo- 
therapeutic activity is not to be expected 
either in vitro or in vivo unless the micro 
organism is susceptible to both of the 
compounds being employed, although 
may be much more susceptible to one than 
to the other. Furthermore, it is to be 
expected that the results observed by dif- 
ferent investigators working with the sam: 
compounds and the same micro6rganism 
will vary according to the susceptibilit, 
of the particular strain of culture em- 
ployed and to other technical factors a 
well. But since it is difficult and some- 
times impossible to distinguish betwee 
true synergistic and mere additive activ 


* Presented by invitation before the American Therapeutic Society, Atlantic City, June 7, 1947. 
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y, | have preferred to designate the re- 
sults of my investigation herewith sum- 
marized as synergistic or additive, since 
these are not strictly synonymous terms. 

SYNERGISTIC OR ADDITIVE ACTIVITY OF 
COMPOUNDS IN Vitro. In 1943 Ungar“ 
reported that sulfapyridine and sulfathia- 
zole almost doubled the activity of pen- 
icillin against cultures of Staph. aureus 
and hemolytic streptococcus in vitro, al- 
though the effects varied according to the 
resistance of the strains employed. Similar 
results were also observed by Bigger? who 
reported that sulfanilamide, sulfathiazole 
and sulfapyridine greatly increased the 
activity of penicillin against these micro- 
organisms; this investigator has also re- 
ported that penicillin and_ sulfathiazole 
together had a pronounced effect upon the 
phoid bacillus.’ 

T’ung'! has reported that 8 out of 15 
strains of brucella were somewhat suscep- 
tible to penicillin and that the addition 
of small amounts of sulfathiazole increased 
the antimicrobial effects. Kirby! has also 
observed that sulfonamide-penicillin and 
urea-penicillin mixtures produced greater 
bacteriostasis than penicillin alone, which 
appeared to be additive rather than truly 
synergistic. Chain and Duthie’ state 
that sulfanilamide sulfamezathine 
have no antagonistic action on the bac- 
tericidal effects of penicillin on staphylo- 
cocci and streptococci but, on the contrary, 
possess synergistic activity and especially 
on staphylococci having a natural resis- 
tance to penicillin. Similar results have 
been reported by Klein and Kalter” with 
the sulfonamide-resistant and sulfonamide- 
susceptible strains of Staph. aureus in 
mixtures of penicillin with sulfathiazole, 
sulfadiazine or sulfapyrazine. Massell 
and his associates*® have reported that 
wile the minimal effective concentrations 
of penicillin for many strains of strepto- 
cocci of the viridans type were increased 
in vitro by the sulfonamide compounds, no 
enhancement of activity of penicillin was 
observed, however, in the presence of 
aliounts of the compound above its mini- 
ma’ effective concentrations. In this con- 


nection it is also to be stated that Himmel- 
weit’? observed that penicillin is not only 
without effect upon staphylococcus bac- 
teriophage but that these chemotherapeu- 
ic agents act together synergistically with 
more rapid killing of the organisms than 
either alone. 

Hobby and Dawson,’ however, have 
not observed a synergistic action between 
sulfadiazine or sulfapyridine and penicillin 
in vitro for Staph. aureus and hemolytic 
streptococcus; on the contrary, sulfadia- 
zine appeared to decrease the rate of 
action of penicillin although, in a later 
study, they observed a synergistic or addi- 
tive effect of sulfadiazine against organ- 
isms sensitive to this compound with more 
pronounced effects in the mixtures of 
penicillin and sulfadiazine than with 
either compound alone.'® On the other 
hand, Garrod™ has stated that sulfathia- 
zole reduces the velocity of the action 
of penicillin on staphylococci in vitro by 
about one-half, and Cohn and Seijo* have 
also reported that the growths of sul- 
fonamide-resistant strains of gonococci 
were not affected by combinations of 
“subtherapeutic” amounts of penicillin 
and sulfathiazole. 

Insofar as results 7n vitro are concerned, 
therefore, it would appear that the sul- 
fonamide compounds may or may not 
increase the antibacterial effects of pen- 
icillin, although the majority of investi- 
gators have observed synergistic or addi- 
tive activity. In this connection, how- 
ever, the possible synergistic or additive 
effects of penicillin and streptomycin in 
vitro are of additional interest and im- 
portance. In my laboratory Bondi and 
Dietz have observed that the smallest 
amount of penicillin giving complete in- 
hibition of the H strain of Staph. aureus 
in a serial dilution method was 0.2 unit, 
while the minimal inhibitory amount of 
streptomycin was 0.001 mg. (1 unit). In 
mixtures of the 2 compounds, however, 
the minimal inhibitory amount of pen- 
icillin was 0.05 unit of penicillin and 
0.0005 mg. (0.5 unit) of streptomycin, 
indicative of a slight degree of synergistic 
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With the SM strain 


of Staph. aureus the minimal inhibitory 


or additive activ ity. 


amounts of penicillin was 0.1 unit and 
0.001 (1 unit) of streptomycin, while 
in mixtures of the 2 compounds, the min- 


mg. 


imal inhibitory amount of penicillin was 
0.05 unit 0.0005 
streptomycin and, therefore, likewise in- 


and mg. (0.5 unit) of 
dicative of some degree of synergistic or 
additive activity. 

Of further interest in 
are the observations of Carpenter and 
found — that 


gonococci readily acquired resistance to 


this connection 


his colleagues® who while 
sodium sulfathiazole, rivanol lactate and 
promin in vitro, yet when the organisms 
were exposed to mixtures of these 3 com- 
pounds much less resistance was acquired, 
while exposure to the mixtures, plus pen- 
icillin, resulted in no acquisition of re- 
sistance at all. But since it appears as 
well established that so-called acquired 
resistance of microbial agents is due to 
the survival of variants naturally resistant 
to a given concentration of a compound, 
any second compound that in itself in- 
hibits the rapid multiplication of such 
variants or destroys them may prevent 
so-called acquired resistance or reduce the 
Whether or 
the 
human 


rate at which it develops. 
not similar effects occur mn rvo in 


treatment of experimental and 


infections has not been determined, but 
since this is both possible and probable 
in synergistic or additive chemotherapy, 
the matter is of great clinical interest and 
practical importance. 

SYNERGISTIC OR ADDITIVE ACTIVITY OF 
COMPOUNDS IN THE TREATMENT OF Ex- 
PERIMENTAL INFECTIONS. Much less at- 
tention has been given to synergistic or 
additive chemotherapy in the treatment 
of experimental infections of the lower 
And_ yet 
would appear to be of more importance 


animals. such investigations 
in relation to clinical medicine than stud- 
ies in vitro in spite of the limitations and 
caution required in interpreting the re- 
the the 
acute and chronic infectious diseases of 


sults observed in treatment of 


human beings. 


CHEMOTHERAPEUTI( 


COMPOUNDS 


Soo-Hoo and Schnitzer*’ have reported 
that penicillin and sulfapyridine, as well 
as penicillin and sulfanilamide, sub- 
therapeutic doses, had a pronounced syner- 
gistic activity in the treatment of experi- 
mental streptococcal infections, while Sul- 
tan, Jenkins and Cutting state that in 
pneumococcal and streptococcal infections 
in mice slightly more favorable results 
were observed by simultaneous treatment 
with penicillin and sulfadiazine than to 
treatment with either compound a'one 
Eagle, Magnuson and Fleischman” have 
also found that penicillin and mapharsen 
(oxophenarsine hydrochloride) are syner- 
gistic in the treatment of experimental 
syphilis of rabbits. 

Smith and McCloskey*® have reported 
that while promin and other sulfone com- 
pounds alone were relatively ineffective 
in the treatment of experimental tubercu- 
these 
compounds and streptomycin gave better 


losis, combined treatment with 


than streptomycin alone, sine 
they were greater than the sum of effects 
Callo- 


Paul> have also 


results 


from the individual compounds. 


Kolmer, Rule and 
observed that while diasone and especially 
streptomycin alone exerted suppressive 
effects in the treatment of experimental 
tuberculosis of guinea pigs, particularly 
noteworthy therapeutic effects were ob- 
served following combined streptomycin 
and diasone therapy which were likewisé 
highly suggestive of a synergistic or addi- 
tive chemotherapeutic activity. In this 
stated that 


observed penicillin to be 


connection it also may be 
while Hodges 


ineffective and streptomycin but slightl) 


effective in the treatment of developing 
chick embryos infected with feces, com- 
bined penicillin and streptomycin theray 
was highly effective. 

It appears, therefore, that the results 


of these investigations on the combine: 


chemotherapy of various experiment 
infections of the lower animals have clear|) 
indicated synergistic or additive effects. 
This is certainly true of the various exper'- 
infections treated 


mental by me with 


various combinations of chemotherapeut 
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compounds, the results of which may be 
summarized herewith with the 
important details shown in the accompany- 


briefly 


ing tables. 

Thus, as shown in Table 1, it appears 
that while both penicillin by intermittent 
intraibdominal injection and sulfathiazole 
by ingestion were effective in the treat- 
ment of mice (approximately 20 gm. each) 
inoculated intravenously with 0.05 cc. of 
a 24 hour broth culture of a virulent 
strain of Staph. aureus, susceptible to both 
compounds in vitro, synergistic or addi- 
tive effects were observed following the 
administration of both compounds at the 


same time. Thus of 20 mice given pen- 
icillin in total doses of 240 units per ani- 
mal, by intermittent intraibdominal in- 
jection, 6 (30°7) survived, while of 20 
given total doses of 12 mg. of sulfathiazole 
per animal by ingestion, 4 (207) survived; 
whereas of 20 given both compounds in 
these total dosages 16 (80°) survived 
with 45°) survivals among those given 
120 units of penicillin with 12 mg. of 
sulfathiazole and 25°) survivals among 
those given 60 units of penicillin and 
12 mg. of sulfathiazole. 

Similar synergistic or additive effects 
were observed in mice inoculated intri- 


PaBLe 1.—-SYNERGISTIC OR ADDITIVE ACTIVITY OF PENICILLIN AND SULFATHIAZOLE IN THE 
TREATMENT OF EXPERIMENTAL STAPHYLOCOCCUS AUREUS INFECTIONS OF MiIcE* 
Penicillint Sulfathiazolet 
Dose Total dosage Dose Total dosage Survivals§$ 
units per units per mg. per mg. per - 
No. mouse) mouse) mouse) motse) No % 
20 60 720 20 100 
20 30 360 16 sO 
20 20 240 6 30 
20 10 120 0 0 
20 5 60 0 0 
20 2.0 24 0 11 55 
20 1.0 12. 0 4 20 
20 20 240 1 0 12 0 16 SO 
20 10 120 1.0 12 0 9 45 
20 5 60 1 0 12.0 5 25 
30 Controls 4 13.3 


* Inoculated intravenously with 0.05 ec. of 24 hour broth culture. 
| First dose 2 hours after inoculation; thereafter every 6 hours for 


(Administered intraibdominally. 


total of 12 doses. 


+ 


doses. 


days after inoculation. 


PABLE 2 


\dministered orally. 


SYNERGISTIC OR ADDITIVE 


First dose 2 hours after inoculation; thereafter every 6 hours for a total of 


ACTIVITY OF PENICILLIN AND SULFADIAZINE IN THE 


TREATMENT OF HEMOLYTIC StREPTOcoccUS (Group A) INFECTIONS OF MICcE* 


Penicillint 


Dose 
units per 


Total dosage 
(units per 


Dose Total dosage 
mg. per 


Sulfadiazine t 


Survival § 
(mg. per - 


No mouse) mouse) mouse) mouse) No. % 
20 30 360 1s 90 
20 20 240 14 70 
20 10 120 6 30 
20 5 60 0 0 
20 2 0 24 0 6 30 
20 1.0 12 0 2 10 
20 20 240 1 0 12.0 20 100 
20 10 120 1.0 12.0 14 70 
20 5 60 1.0 12 0 6 30 
40 Controls 0 0 


Inoculated intraiibdominally with approximately 10,000 M.L.D. of culture. 
First dose 2 hours after inoculation; thereafter every 6 hours for 


\dministered intraiibdominally. 


il of 12 doses. 


\dministered orally. 


Six days after inoculation. 


First dose 2 hours after inoculation; thereafter every 6 hours for a total of 
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iibdominally with a virulent strain of 
hemolytic streptococcus of Group A sus- 
ceptible to both penicillin by intermittent 
intraiibdominal injection and to sulfadia- 
zine by ingestion treated with both com- 
Thus, 


of 20 mice given penicillin in total doses 


pounds simultaneously (Table 2). 


of 240 units per animal by intermittent 
intraiibdominal injection, 14 (70°) sur- 
vived, while of 20 given total doses of 


12 mg. of sulfadiazine per animal by inges- 
tion 2 (10°;) survived; whereas of 20 given 


both compounds in these total dosages all 
(100°; 
among those given 120 units of penicillin 


survived, with 70°, survivals 
with 12 mg. of sulfadiazine and 30°; sur- 
vival among those given 60 units of pen- 
icillin and 12 mg. of sulfadiazine. 
Synergistic or additive effects were also 
observed in the treatment of mice inocu- 
lated 
culture of Type I pneumococcus and treat- 


intraiibdominally with virulent 


ed with penicillin and sodium sulfadiazine 
Table 3 
illin in total doses of 600 units per animal 


Thus, of 20 mice given penic- 


by intermittent intraibdominal injection, 
8 (40°,) survived, while of 20 given total 
doses of 40 mg. of sodium sulfadiazine by 


the same route of administration 5 (25°) 
survived; whereas of 20 given both com- 
pounds in these total dosages 18 (90°) 


survived, with 75; survivals among those 
given 120 units of penicillin and 40 mg. 
of sodium sulfadiazine and 45°; survivals 
among those given 60 units of penicillin 
and 40 mg. of sodium sulfadiazine. 

\s previously stated, Eber. typhosa in 
small numbers has been found susceptible 
to relatively large amounts of penicillin 
and sodium sulfathiazole in the test-tube 
with synergistic or additive effects. As 
shown in Table 4, a culture of this bacillus 


inoculated intraibdominally in mice in 
an amount approximately equivalent to 
lethal 


susceptible to relatively large doses of 


2 minimal doses was likewise 


penicillin and sodium sulfathiazole admin- 
istered definite 
evidence of synergistic or additive effects 


intraiibdominally with 


when the 2 compounds were injected simul- 
taneously. Thus, of 20 mice given penic- 


CHEMOTHERAPEUTIC 


COMPOUNDS 


illin in total doses of 5000 units per ani- 
mal by intermittent intraibdominal in- 
jection, 3 (15°%) survived, while of 20 
given total doses of 80 mg. of sodium sul- 
fathiazole by the same route of adminis- 
tration 3 (15°;) likewise survived; whereas 
of 20 given both compounds in these total 
dosages S (40°, 


survived with 25°; sur- 
vivals among those given 2000 units of 
penicillin and 80 mg. of sodium sulfathia 
zole and 20°; survivals among those given 
1000 units of penicillin and SO mg. of 
sodium sulfathiazole. 

Table 5, a culture of Ale/ 
pneumoniz virulent for mice by intraiib- 


As shown in 
dominal inoculation was susceptible to 
streptomycin sulfate and likewise to  so- 
dium sulfadiazine administered intermit- 
tently by intraiéibdominal injection. Thus, 
of 10 mice given streptomycin in total 
doses of 1.5 mg. per animal by intermit- 
tent (30% 
survived, while of 10 given total doses of 


intraiibdominal injection, 3 
75 mg. of sodium sulfadiazine by the 


same route of administration 2 (20° 
survived; whereas of 10 given both com- 
pounds in these total dosages 8 (80° 
survived with 60°; survivals among those 
given 0.75 mg. of streptomycin and 75 mg 
of sodium sulfadiazine and 20°; survivals 
among those given 0.15 mg. of strepto- 
mycin and 75 mg. of sodium sulfadiazine 
The results 


of 320 to 


observed in the treatment 
185 gm. guinea pigs inoculated 
subcutaneously with a human strain of 
Myco. tuberculosis and treated with strep- 
tomycin by intermittent subcutaneous or 
intramuscular injection, by diasone orall; 
and by both compounds simultaneous!) 
have been previously reported ; they are 
briefly summarized in Table 6 and clear! 

indicate some degree of synergistic or ad- 
ditive activity. The suppressive effects 
of these compounds as determined by the 
results of macroscopic and microscoy 

examinations of the tissues are not indi- 
cated in the table. On the basis of survival 
rates alone, however, it will be observed 
that 9 (50°) of 18 untreated 
survived (70°) of 

total 


controls 


while 7 10 anima!s 


given streptomycin in doses I 


PaBLe 3. 
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OF PENICILLIN AND SopIUuM SULFADIAZINE IN 
rHeE TREATMENT OF EXPERIMENTAL I PNeEUMococcaL INFECTIONS OF MICE* 
Penicillint Sodium sulfadiazinet 
Dose Total dosage Dose Total dosage Survivors} 
units per (units per mg. per mg. per 
No mouse) mouse mouse) mouse) No. % 
20 100 1200 20 100 
20 50 600 s 40 
20 10 120 6 20 
20) 5 60 2 10 
20 10 0 sO 0 12 60 
20 5.0 10 0 5 25 
20 50 600 5.0 40 0 IS 90 
20) 10 120 5 0 10 0 15 75 
20 5 60 5.0 10 0 Q 45 
20 Controls 0 0 


Inoculated intraibdominally with approximately 10,000 M.L.D. of culture. 


(Administered intraiibdominally 
tal of 


hight 


First dose 2 hours after inoculation; thereafter every 6 hours for 
12 doses. 


days after inoculation. 


BLE 4 SYNERGISTIC OR ADDITIVE ACTIVITY OF PENICILLIN AND SopiluM SULFATHIAZOLE LN 
rHE TREATMENT OF EXPERIMENTAL EBER. TypHosa INFECTIONS oF MIcCE* 
Pencillint Sodium sulfathiazolet 
Dose otal dosage Dose Potal dosage Survivors} 
inits per units per mg. per mg. per 
N mouse mouse) mouse) mouse No. / 
20 250 5000 3 15 
() 100 2000 0 0 
20 50 1000 0 0 
1 0 sO 3 15 
250 5000 40 sO. 0 410 
1) 100 2000 1 0 sO 0 5 25 
20 50 1000 1 0 sO.0 4 20 
20 Controls 0 


noculated intraiibdominally with approximately 2 M.L.D. of culture. 


\dministered intraiibdominally. First dose 2 hours after inoculation: thereafter every 6 hours for 


| 


of 20 doses. 


en days after inoculation. 


0. ~SYNERGISTIC OR ADDITI 


VE ACTIVITY OF 


STREPTOMYCIN 


AND 


SoDIUM 


SULFADIAZINE 


IN 


tHE TREATMENT OF EXPERIMENTAL KLEB. PNEUMONL® INFECTIONS OF MICE* 
Streptomycint Sodium sulfadazinet 
Dose Total dosage Dose Total dosage Survivors} 
mg. per mg. per mg. per mg. per 
mouse) mouse) mouse) mouse) No. 
10 0 20 3.00 ‘ SO 
0 0 10 1 50 3 30 
10 O5 0.75 0 0 
0 Ol 0.15 0 0 
0 : 5.0 79 0 2 20 
1) 0 10 1 50 5.0 75.0 Ss sO 
0 0 05 75 5 0 U0 60 
0 0 O1 0 15 5.0 75.0 2 20 
Controls A 0 0 


culated intraibdominally with approximately 1000 M.L.D. of culture. 
ministered intraiibdominally. 


1 15 doses 


First dose 2 hours after inoculation; thereafter every 6 hours for 


days after inoculation. 
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365 mg. survived, as likewise 3 (36.3°,) 
of 8 animals given total doses of 192 mg. 
of this compound. Of 8 animals given 
total doses of 7.2 gm. of diasone by inges- 
tion, 6 (75°7) survived, while all of 8 ani- 
mals given 168 mg. of streptomycin and 


7.2 gm. of diasone survived 


TABLE 6 SYNERGISTIC OR ADDITIV! 
TREATMENT OF EXPERIMENTAI 
streptom 
total dosage 
No gm. per animal 
10 305* 
s 1927 
0 
LS Controls 


t Over 32 days by multiple intramuscul 
» Over 32 days by oral administration. 


\s previously stated, the possible syner- 


gistic or additive effects of penicillin and 
streptomycin administered simultaneously 


in the treatment of pure and especially of 


mixed infections with bacteria susceptible 
to both compounds is of particular interest 
and clinical importance. To determine 
possible synergistic or additive effects in 
vivo, mice were inoculated subcutaneously 
with a virulent culture of B. anthracis 
which was found highly susceptible to 
penicillin and slightly susceptible to strep- 
tomycin in wtro. Animals were treated 
with penicillin and streptomycin alone by 
intermittent intraiibdominal injection and 
likewise with freshly prepared solutions 
of each compound mixed together in the 
same syringe and injected intradibdomi- 
nally. As shown in Table 7, of 20 mice 
given total doses of 3000 units of penicillin 
per animal, 14 (70°) survived. while of 
20 given total doses of 5 mg. of strepto- 
(10°) 
whereas of 20 given both compounds in 


mycin per animal, 2 survived; 
these dosages, 18 (90°7) survived, with 
1500 
units of penicillin and 5 mg. streptomycin 
and 15°% 


50°% survivals among those given 


survivals among those given 
750 units of penicillin and 5 mg. of strep- 
tomycin. 

| have elsewhere described in detail the 
technique employed and the results ob- 


served in the treatment of experimental 
syphilis of rabbits with single and multiple 
doses of penicillin by intermittent intra- 
muscular injection; also the synergistic 
effects of penicillin, mapharsen (oxophen- 
arsine hydrochloride) and potassium bis- 
muth tartrate in the treatment of this 


ACTIVITY OF STREPTOMYCIN AND DIASONE IN THE 


TUBERCULOSIS OF GUINEA PIGS 


Diasone, 


Survivals 
total dosage 
gm. per animal No % 
0 7 70 0 
36.3 
7.28 6 75.0 
7.28 100.0 
50 


Over 68 days by multiple intramuscular injection 


iar injection. 


experimental infection.24. The results ob- 
served with single doses of penicillin by 
intramuscular injection and of mapharsen 
by intravenous injection are briefly sum- 
marized in Table 8 as, likewise, the results 
of combined treatment with single doses 
of each compound given at approximatel) 
the same time. It will be observed that 
single doses of penicillin as high as 100,000 
units per kg. were not completely curative, 
as shown by the results of lymph node 
Mapharsen 
in single doses of 1 mg. per kg. were like- 
wise not 


transfers to fresh animals. 


curative, whereas 
simultaneous treatment with single doses 
of 10,000 units of penicillin and 1 mg. of 
mapharsen per kg. effected complete or 


completely 


biologic cures, indicative of marked syner-: 


gistic activity in confirmation of the re- 
sults reported by 


Eagle, Magnuson and 
Fleischman.” 

Similar results were observed with mul- 
tiple doses of penicillin by intermittent 
intramuscular injection and of mapharsen 
by intravenous injection, summarized in 
Table 9. Total doses of 8000 and 40,000 
units of penicillin and of 1.6 mg. maphar- 
sen alone per kg. of weight did not et'ect 
complete or biologic cures, whereas total 
doses of 4000 and 8000 units of peni« lin 
and 1.6 mg. mapharsen per kg. resu ted 
in complete or biologic cures and likewise 
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TABLE 7.—SYNERGISTIC OR ADDITIVE ACTIVITY OF PENICILLIN AND STREPTOMYCIN IN THE 
TREATMENT OF EXPERIMENTAL B. ANTHRACIS INFECTIONS OF MIcE* 


Penicillint Streptomycint 
Dose Total dosage Dose Potal dosage Survivors} 
units per (units per mg. per mg. per - 
No mouse) mouse) mouse) mouse No. % 
20 250 7500 20 100 
20 100 3000 , 14 70 
20 50 1500 4 20 
20 25 750 . 0 0 
20 ; 0.250 10 0 6 30 
20 . 0 125 50 2 10 
20 “ 0 060 2.4 0 0 
20 100 3000 0.125 50 Is 90 
20 50 1500 0.125 50 10 50 
20 25 750 0 125 50 3 15 
20 Controls 0 0 


Inoculated subcutaneously with approximately 5 M.L.D. of culture 

\dministered intraiibdominally. First dose 2 hours after inoculation; thereafter every 6 hours for a 
il of 30 doses. When given conjointly solutions of each compound were freshly mixed and promptly 
ected 


'welve days after inoculation. 


E S.--SYNERGISTIC OR ADDITIVE ACTIVITY OF SINGLE Dosts OF PENICILLIN AND MAPHARSEN 
IN THE TREATMENT OF ACUTE SyYPHILITIC ORCHITIS OF RABBITS 


Penicillin* Mapharsen* tesults of lymph node 

No units per kg.) mg. per kg transfers 

2 10,000 . Both positive 

2 30,000 

2 

2 10,000 l Both negative 

2 Controls Both positive 


By intramuscular injection in saline solution. 
By intravenous injection. 


Paste 9.—SyYNERGISTIC OR ADDITIVE AcTIVITY OF MULTIPLE Doses oF PENICILLIN AND MAPHARSEN 
IN THE TREATMENT OF ACUTE SYPHILITIC ORCHITIS OF RABBITS 
Penicillin Mapharsen® 
Dose Total dosage Dose Potal dosage Results of lymph node 
units per kg.) (units per kg.) mg. per kg mg. per kg ) transfers 
1000* 8,000 Both positive 
0.2 1 6 
2504 4,000 0 2 1 6 Both negative 
500t s,000 0.2 1 6 
Controls Both positive 


’nce daily for 8 days in succession intravenously (8 doses). 
(wice daily for 8 days in succession intramuscularly (16 doses). 
mee daily for 8 days in succession intramuscularly (S doses). 


clearly indicative of the marked synergistic logic cures, whereas injections of penicillin 
activity of these 2 compounds in total doses of 8000 and 16,000 units 
shown in Table 10, multiple doses of — and of potassium bismuth tartrate in total 
pen cillin by intermittent intramuscular doses of 2 mg. per kg. of weight resulted 
injection totalling 8000 and 40,000 units, in complete or biologic cures; being clearly 
anc of potassium bismuth tartrate in oil indicative of the synergistic or additive 
by ‘ntramuscular injection totalling 2 mg. activity of these 2 compounds. 
per xg. did not result in complete or bio- Exactly similar results were observed 
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with multiple doses of mapharsen by intra- 
venous injection and of bismuth subsalicyl- 
ate in oil in the treatment of acute syphil- 
itic orchitis of rabbits. This experiment 
was conducted in exactly the same man- 
ner as the experiment employing penicillin 
and bismuth tartrate. As 
shown in Table 11, mapharsen by intra- 
venous injection in total doses of 1, 2 and 
4 mg. per kg. did not produce complete 


potassium 


or biologic cures and the same was true 
of bismuth subsalicylate by intramuscular 
injection in total doses of 1.25, 2.5 and 
In combined treatment, 
however, mapharsen in total doses of 2 


5 mg. per kg. 


and 4 mg. and bismuth subsalicylate in 
total doses of 2.5 and 5 mg. per kg. re- 
sulted in complete or biologic cures. 
SYNERGISTIC OR ADDITIVE ACTIVITY OF 
COMPOUNDS IN THE TREATMENT OF HUMAN 
INFecTIONS. Much fewer data of a precise 


TABLE 


L0.—SYNERGISTIC OR ADDITIVE ACTIVITY 
BIsMUTH TARTRATE IN THE TREATMENT 
Penicillin*® 
Dose Total dosage 
Ne units per kg units per kg 
2 1000 8,000 
5000 40,000 
2 1000 8,000 
2 2000 16,000 


2 Controls 


CHEMOTHERAPEUTI(¢ 


OF 
oF ACUTE 


COMPOUNDS 

nature are available for appraising th 
status of synergistic or additive activity 
of chemotherapeutic compounds in_ th 
of 
infections of man. 


treatment various acute and chron 
There are, however 
numerous reports indicating the value of 
the combined therapy of pneumococcal! 
pneumonia with sulfadiazine or sulfamera- 
zine and penicillin and especially in the 
treatment of serious cases of the disease 
In general terms the reported mortality 
rates in cases treated with the sulfonamide 
compounds alone have been as low and 
even somewhat lower than in cases treated 
with penicillin alone. That combined 
treatment with sulfadiazine and penicillin 
may give better results than treatment 
with sulfadiazine alone is indicated, how- 
ever, by the report of Dowling and his 
10 


associates,'® who observed a mortality of 


9.6; in 94 cases treated with sulfadiazine 


MULTIPLE 
SYPHILITIC 


POTASSIUM 
RABBITS 


PENICILLIN AND 
ORCHITIS OF 


Doses OF 


Potass. bismuth tartrate? 


Dose lotal dosage Results of lymph node 
mg. per kg mg. per kg transfers 
Both positive 
0.5 2.0 
0.5 2.0 Both negative 
0.5 2.0 


Both positive 


* Once daily for 8 days in succession intramuscularly (S doses). 
+ Four doses given on the 2nd, 4th, 6th and Sth days of treatment, intramuscularly 


TaBLe 11.—SyYNERGISTIC OR ADDITIVE ACTIVITY 
SUBSALICYLATE 


Mapharsen* 


Dose Total dosage 
No mg. per kg.) mg. per kg.) 
2 OS 
2 0.4 1.0 
2 0.2 2.0 
2 0.1 1.0 
2 
9 
2 
2 0.4 4.0 
2 02 2.0 
2 0.1 1.0 
2 Controls 


oF MuttiepLte Doses ot 
IN THE TREATMENT OF 


MAPHARSEN AND BISMUTH 
AcUTE SYPHILITIC ORCHITIS OF RABBITS 


Bismuth subsalicylatet 


Dose Total dosage Results of lymph nod 

mg. per kg.) (mg. per kg transfers 

Both negative 

Both positive 

> 00 10 00 Both negative 
positive 
1.00 5.00 1 negative 

0.50 2.50 Both positive 
0.25 1.25 

1.00 5.00 Both negative 
0.50 2.50 
1 positive 
0.25 | 1 negative 


Both positive 


* Twice weekly for 5 weeks by intravenous injection (10 doses). 
+ Once weekly for 5 weeks by intramuscular injection (5 doses). 
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alone but only 4.3, in 94 cases treated 
with sulfadiazine and penicillin. Com- 
bined treatment with penicillin and sulfa- 
diazine has also been found of inestimable 
value in the treatment of putrid lung 
abscess by Stivelman and Kavee,®” aside 
from the fact that it has been widely em- 
ployed for the prevention of infections 
following resections of the lungs, trans- 
urethral prostatectomies, in the treatment 
of pilonidal eysts by primary closure, and 
others. 

In pneumococcal meningitis treated 
with the sulfonamide compounds alone 
the reported mortality rates have varied 
from 58 to 65°;, with a mortality rate of 
about 48°; in eases treated with penicillin 
alone. Waring and Smith, however, 
have reported the recovery of 12 out of 
13 patients following combined sulfona- 
mide and penicillin therapy. Similar re- 
sults have also been reported by Smith, 
Duthie and Cairns.** Of 19 cases treated 
with penicillin alone there were 7 deaths, 
whereas in 19 cases treated with penicillin 
and sulfadiazine there were but 2 deaths, 
| of whom recovered from the meningitis 
hut died subsequently of fat embolism, 
while the second case was moribund on 
admission to the hospital and died within 
a few hours. Hall and his associates™® 
have also reported the recovery of 13 in 
a series of 17 cases of pneumococcal men- 
ingitis, 16 of whom were treated with 
sulfadiazine or sulfamerazine in addition 
to penicillin, while 2 of 3 infants with 
staphylocoecic meningitis recovered under 
the combined penicillin and sulfonamide 
therapy. 

Until recent years the mortality rate in 
influenzal meningitis treated with the sul- 
fonamide compounds alone was about 
Alexander and her associates,'! how- 
ever, have recently reported the recovery 
of 12 in a series of 14 cases treated with 
streptomycin with the recovery of all of 
| additional cases treated with the com- 
pound after initial treatment with Type B 
re bit anti-influenzal globulin and sulfa- 
diozine; likewise, the recovery of 3 out 
o! 4 patients treated with streptomycin 


after unsuccessful treatment with the anti- 
serum and sulfadiazine. Nussbaum and 
his colleagues*® have also reported the 
rapid and complete recovery of 3 children 
with influenzal meningitis treated concur- 
rently with streptomycin and sulfadiazine, 
while Logan and Herrell®?® have reported 
the recovery of 3 out of 4 infants treated 
with streptomycin, sulfonamides and anti- 
serum. In streptococcal meningitis treat- 
ed with the sulfonamide compounds alone 
the mortality has been about 35°;, with 
a mortality of about 44° in cases treated 
with penicillin alone; whether or not com- 
bined treatment with sulfadiazine and 
penicillin will result in a further reduction 
in the mortality rates cannot be stated, 
but this combined therapy appears to be 
indicated in the treatment of severe infec- 
tions. The same may be true in the 
treatment of meningococcal meningitis, 
even though the mortality under prompt 
and adequate sulfonamide therapy may 
be less than 10°;, and about 12°; in cases 
treated with penicillin alone. 

Whether or not combined penicillin and 
sulfonamide therapy is better than penic- 
illin alone in the treatment of subacute 
bacterial endocarditis cannot be stated at 
the present time. Under sulfonamide 
treatment alone the mortality rate has 
been about 96°, with a mortality of from 
40 to 45% in cases adequately treated 
with penicillin. In the combined treat- 
ment of 7 cases with penicillin and sulfa- 
diazine, with or without heparinization, 
Levy and Mekrill’* have reported the 
death of 2 patients, giving a mortality of 
28.6°.. Certainly this combined treat- 
ment appears to be clearly indicated in 
the treatment of acute endocarditis due 
to infections with beta-hemolytic strepto- 
cocci, staphylococci, pneumococci, gono- 
cocci and meningococci, while in infections 
due to influenze, Kleb. pneumoniz or 
other gram-negative bacilli combined treat- 
ment with streptomycin and sulfadiazine 
appears to be worthy of clinical trial. 

As previously stated, Bigger has ob- 
served a synergistic or additive activity 
of sulfathiazole and penicillin for typhoid 
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bacilli 7n vitro, while, as previously stated, 
I found some evidence of this activity in 
the treatment of experimental typhoid 
infections of mice. Whether or not com- 
bined treatment of typhoid fever of man 
with very large doses of penicillin and 
sulfathiazole will prove effective cannot 
be stated at the present time, although 
McSweeney™ has recently reported this 
combined treatment as being successful in 
6 cases. Comerford and his associates® 
have also found this combined therapy 
effective in the treatment of 2 typhoid 
Whether or not the treatment 
of these typhoid infections with strepto- 


carriers. 


mycin and sulfathiazole will prove more 
effective than treatment with streptomy- 
cin alone is well worthy of experimental 
and clinical investigation. 

Whether or not the combined treatment 
of tuberculosis with streptomycin and 
the sulfone compounds will prove more 
effective than treatment with streptomy- 
cin alone awaits the outcome of clinical 
experience. In this connection it appears 
that promin and diasone may be too toxic 
from the standpoint of producing hemo- 
lytic anemia. However, promizole is much 
less toxic and apparently the compound 
of choice. O'Leary and his associates 
found promizole alone of but little value 
in the treatment of various types of cuta- 
tuberculosis; streptomycin 
but 


with both compounds was not employed. 


neous was 


more effective combined treatment 

Insofar as combination chemotherapy 
in syphilis is concerned, most interest has 
been in its effectiveness in the treatment 
of early cases of the disease. Eagle" 
has reported that tri-weekly injections 
with weekly 
of bismuth were highly effective with 
and but 9.3°7% treatment 
Excellent results in the treat- 
ment of early syphilis have also been 
Sternberg and Leifer“! 


of mapharsen injections 


82 “oures”’ 


failures. 


reported by by 


a plan of treatment embracing 40 
injections of mapharsen and 16 of 


bismuth subsalicylate over a period of 
26 weeks. Bundesen,* however, regards 


the rapid treatment of early syphilis by 


CHEMOTHERAPEUTIC 


COMPOUNDS 


the combined administration of penicillin 
and mapharsen as unsatisfactory. Heller" 
has likewise reported that there is no sig- 
nificant difference in results in the treat- 
ment of early syphilis with penicillin alone 
and smaller doses of penicillin along with 
mapharsen, although it appeared that the 
curative activity of penicillin was enhance- 
ed by the conjoint administration of bis- 
muth. In a 
different plans of combination treatment 


comparative study of 5 


of early syphilis Leavitt® states that best 
results were observed following the ad- 
ministration of 5 doses of mapharsen and 
muth along with 1,200,000 units 
of penicillin by intermittent intramuscular 


3 of 


injection every 3 hours over a period of 
9 days. 

As previously stated, it would appear 
that penicillin and bacteriophage also exert 
effects 
staphylococci in vitro and in this connec- 
tion MacNeal and his associates*?*! hav 
reported the successful treatment of cases 


synergistic or additive against 


of staphylococcal endocarditis and septi- 
cemia by combined treatment with these 
agents, even though the staphylococci 
were highly resistant to penicillin and bac- 
teriophage alone in vitro. 

Toxiciry oF COMBINED CHEMOTHER- 
Objections may be raised to com- 
bined chemotherapy on the basis of toxic 
But this hardly appears to be 


Certainly there have been no 


reactions. 
justified. 
indications of increased toxicity in the 
treatment of experimental infections of 
the lower animals. Indeed, it would ap- 
pear that the reverse is true, since the 
smaller doses of each of the compounds 
employed are usually less than of either 
compound alone. Some cases of hemor- 


rhagic encephalitis due to mapharsen 
have been reported in the treatment of 
early syphilis with this compound in com- 
with penicillin by intensive 
but the has been 


lower than observed with mapharsen alone 


bination 
methods, incidence 


because of the smaller total dosages e1- 
ployed in the combined methods of tre: t- 
ment. Indeed, if a sulfone compound ke 


promizole in combination with strepto- 
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mycin is found upon clinical trial to be 
helpful in the treatment of tuberculosis, 
it is possible that smaller total doses of 
the latter may not only be employed with 
a reduction in the incidence of both re- 
versible and irreversible injury of the 
labyrinth and auditory nerves resulting 
in tinnitus and vertigo, but possibly reduce 
the chances of so-called acquired resistance 
of tubercle bacilli to streptomycin as well. 

In this connection it should also be 
stated that Lehr’? has observed that 
mixtures of sulfadiazine and sulfamerazine, 
and of these 2 compounds with sulfathia- 
zole in partial dosages, proved significantly 
less toxic for albino rats than any one of 
the separate compounds in equal or com- 
parable total dosage, the lower toxicity of 
the combinations being ascribed to the 
prevention of renal obstruction resulting 
from a pronounced reduction in the intra- 
tubular deposition of sulfonamide crystals. 

Summary. 1. Combinations of the 
chemotherapeutic compounds have usu- 
ally shown synergistic or additive effects 


upon susceptible microérganisms in vitro 
Such combinations have also shown evi- 
dence of preventing so-called acquired 
resistance of microérganisms 7?n vitro with 
the suggestion that combination chemo- 
therapy may reduce the incidence of so- 
called acquired resistance of bacteria in 
the treatment of disease. 

2. Undoubtedly the combination chemo- 
therapy has shown evidence of synergistic 
or additive activity in the treatment of 
various bacterial and spirochetal infections 
of the lower animals. 

3. Synergistic or additive chemotherapy 
has also proven of sufficient value in the 
prevention and treatment of various seri- 
ous bacterial infections of human beings 
and, possibly, also of early syphilis, as to 
merit further clinical trial. 

4. The possibility of toxic reactions is 
not necessarily a contraindication to com- 
bined chemotherapy ;on the contrary, it ap- 
pears that such treatment may reduce their 
incidence by reason of the smaller total dos- 
ages required than of eithercompound alone. 
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From the Department of Pathology, Queens General Hospital) 


THE pathologic experience with 9 autop- 
sies of patients dying with sporadic sal- 
monella infection at the Queens General 
Hospital during a 4-year period is pre- 
sented in a separate communication,' with 
bacteriologic and clinical correlation. A 
total of 13 deaths were encountered in 
86 cases of sporadic salmonellosis, with 21 
different organisms. The 3 most common 
organisms were S. cholera suis, S. typhi 
murium and S. orienienburg, with 11, 20 
and 16 instances respectively. In general, 
the infections with S. orienienburg were 
mildest, with localization in the gastro- 
intestinal tract, or were completely asymp- 
The infections with S. cholera 
suis Were most severe, with a septic picture 
and bacteremia predominating, with and 
without seeding foci (Seligmann, Saphra 
ind Wassermann"). 


tomatic. 


The cases of S. typhi murium infection 
occupied an intermediary position be- 
tween these 2 other organisms, with both 
gastro-intestinal localization and a ty- 
phoid-like picture occurring as often as 
mild or asymptomatic cases, and an occa- 
sional septic picture. Our autopsy experi- 
ence emphasizes the parallelism of S. typhi 
vurium infection to typhoid infection, 

ith its mutable multifareous syndromes. 
'n the 9 autopsied cases, there were 

deaths due to S. cholera suis, and 3 due 
to S. typhi murium. The remaining 3 
ecropsies showed S. newport, S. monte- 
leo and S. lichtfeld, with variable pictures 
scribed elsewhere. Study of the record- 
«1 17 deaths due to S. typhi murium, on 


file at the Beth Israel Hospital National 
Salmonella Center in New York City, 
rendered available through the kindness 
of Dr. Seligmann, confirms the mimicry 
of typhoid, with gastro-intestinal, septic, 
pulmonary, febrile and cerebral variations 
in symptomatology. Study of the data of 
the 9 cases coming to autopsy in this group 
confirms this impression. 

The broad biologie problem of variation, 
adaptation and reactive tissue changes in 
different hosts seemed best studied with 
this organism. With this in mind, we 
undertook the study of the morphologic 
reaction in guinea pigs and mice with 
various strains of S. typht murium, using 
other salmonella as controls. We desired 
to establish an explanation for the histio- 
cytic typhoid-like reaction and the re- 
markable localization of the lesions in 
Peyer’s patches of the intestine, and to 
attempt the controlled experimental repro- 
duction of this lesion of the intestinal 
Peyer’s patches in the animal. 

Our interest in this subject was stirred 
by the autopsy in 1941 (Grier) which 
showed the typical morphologic gross and 
microscopic picture of typhoid fever. The 
organism cultured from several foci was 
S. typhi murium. A few months later, 
another patient was admitted with a clini- 
cal picture of typhoid fever, and showed 
this same organism in his blood stream. 
At autopsy, the second case failed to show 
the characteristic hyperplastic lesions in 
the Peyer’s patches, though the mesen- 
teric lymph nodes were hyperplastic. The 
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only other instance in which hyperplastic 

Peyer’s patches were found at autopsy 

represented an infection with S. cholera 
suis. This 9 year old child showed also a 
chronic cholangitis with biliary cirrhosis. 
Another autopsy, with clinical picture of 
convulsions and coma with high tempera- 
ture, also showed hyperplasia of Peyer's 
patches and mesenteric lymph nodes, and 
ielded S. blood, 


lung and stool. The remaining autopsies 


typhi murium from 
showed no morphologic alteration in the 
gastro-intestinal tract. The only instance 
in the literature in which the typhoid-like 
morphology was adequately described in 
salmonella infections in the human was a 
single instance in a group of 4 deaths due 
to “paratyphoid Breslau” (old terminol- 
ogy for S. typhi murium), recently reported 


by Neessen and Meckel.’ 


Material and Methods—Animal Group 1. 
It was felt originally that this tendency to 
localization in the Peyer’s patches in the 
intestine might be accounted for on the basis 
of strain variation. To test this hypothesis, 
several strains of S. typhi murium were fed 
to laboratory animals; at first guinea pigs, 
rats and mice, and then only guinea pigs 
and mice. In all, 6 strains of S. typhi murium 
were used for this purpose (Grier, Thomas, 
1182 B.I., Kaufman B. I., 43930 N. Y. Lab., 
Williams). A total of 53 guinea pigs, 15 
mice and 3 rats were studied by means of 
serial sacrifice using the strains specified. 
The dosage of organisms given was a mini- 
mum of 0.5 ec. to mice, 2 cc. to rats and 
3 ec. to guinea pigs of a 24 hour broth cul- 
ture. Anal swab cultures were taken rou- 
tinely to rule out any preéxisting salmonella 
infection. 

The tissues were removed immediately 
upon sacrificing the animals, cultured, and 


put in formalin and in Zenker’s formol 
fixative. The organisms were recovered 
from the exact sites that presented the 


tissue changes in most animals. They were 
embedded in paraffin, cut at 6 mu., and 
stained with hematoxylin and eosin, Good- 
pasture, Giemsa and MacCallum stains. 
The sacrifice time varied from 24 hours to 
12 days, and animals were killed when 
obviously ill. In the fixation, particular 
pains were taken to obtain quick action by 
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cutting thin slices of solid organs and 


injecting the fixatives into the lumen of the 
bowel to the point of distention, and then 
ligating the fixative in situ, followed by im- 
mersion in a minimum of 20 volumes of the 
fixing solution. 


FINDINGS INTERPRETATION. The 
initial group of guinea pigs fed the strain 


AND 


of organism obtained from the initial S 
typhi murium case (Grier) showed remark- 
able the 
region of the Peyer's patches the 


localization of involvement in 
mesenteric lymph nodes, in contrast to 
some of the other organisms. 

The findings in the remaining viscera 
corresponded to the usual typhoid-like 
visceral lesions. These original observa- 
tions have not been corroborated and have 
been corrected by subsequent experiments 
in guinea pigs, which showed that several 
of the salmonella strains (S. typhi murium, 


Kaufman B. I., S. enteritidis, and the S 
typhi murtum strain from the second case, 
Thomas. which failed to show localized 


lesions in the lymphoid tissue of the human 
gut) can produce such lesions. 

The guinea pig seems best adapted for 
the study for such localizing lesions wit! 
S. typhi murium, though the mouse shows 
this identical tendency with the enteritidis 
organisms and occasionally with a typhi 
murium strain. The Peyer’s patches in 
the guinea pig are easily observed for 
early changes. Possibly the guinea pig 
has a degree of resistance which seems to 
favor such localization in Peyer’s patches 
Very few morphologic studies of salmo 
nella infection in guinea pigs are available 
Duthie and Mitchell* found early miliary 
tubercle-like lesions in the 
only a few cases showing swelling an 


viscera wit! 
grayish appearance in Peyer’s patches 
The morphologic changes in the rat an 
the mouse have been studied, particular! 
Waldman th 


changes in pig have bee 


by and Rostowa,”' but 
the guinea 
neglected. Most authors have dealt wit 
the bacteriologic and serologic aspects ¢ 
this problem (Orskov and co-workers,?:" 
Seiffert 


others). 


and and his co-workers," a1 
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The morphologic lesions were studied 
by serial sacrifice of animals at 24, 48 and 
72 hours, and then at 6, 7, 10, 12 days 
and later. Changes were found with dif- 
ferent strains at different times. With 
the original Grier strain, changes were 
found within 24 hours, and well developed 
alterations of Peyer’s patches within 48 
hours. Some of the illustrations will 
demonstrate the varying stages of evolu- 
tion of the alteration ia the Peyer's patches 


(Figs. 1, 2, 3 and 4). Areas of catarrhal 
exudate appear in isolated crypts in the 
Peyer’s patches with a few polymorpho- 
nuclears and monocytes present. Large 
mononuclear cells appear in Peyer’s patch- 
es proper, focally and diffusely. Poly- 
morphonuclear exudate appears at the 
margin of lymph follicles or beneath the 
epithelium. The polymorphonuclear cells 
accumulate to form micro-abscesses; these 
erode through the epithelium and give 


hic. 1.--Cross-section of lower small intestine through Peyer's patch of guinea pig, showing marked 
involvement with a tendency to localization in Peyer’s patch. 


ia. 2.—Higher magnification of Peyer’s patch, showing prominent mononuclear character of most 


of the exudate with some micro-abscesses just penetrating into the lumen. 
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Fic. 4.—A micro-abscess with a peripheral differentiated mononuclear reaction. 


ris 
eX! 
sti 

» 
Fig. 3.—A mononuclear focus with a micro-abscess in a Peyer’s patch, discharging into the lumen. 
P 
{ 
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rise to ulceration, with a fibrinocellular 
the surface. In the later 
stages, polymorphonuclear cells. are par- 


ticularly prominent. 


exudate on 


In the earlier stages 
monocytes, or the histiocytes so charac- 
teristic of typhoid reaction, are prominent. 
Typhoma-like nodules were seen in the 
Peyer’s patches and in the mesenteric 
lvmph nodes. 

The distribution of bacteria was studied 
in the varying stages of invasion and 
We could not 


evolution of the lesion. 
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of the mesenteric nodes was noted. A 
labilization of monocytes in the sinusoids 
and a proliferation of reticulum cells in 
the lymph node proper occurred rapidly 
(Fig. 5) and in considerable abundance. 
The tendency to focal necrosis and micro- 
abscess was a bit more marked in the 
lymph node. Occasionally tubercle-like 
structures, with maturation of monocyte 
cells to give an epithelioid appearance, 
with without 
micro-abscesses and giant cells, were seen 


and central necrosis or 


* 


confirm the work of Goodpasture® as to 
the intracellular symbiosis of the organism 
with the plasma cell or the monocyte. 
The organism was found as frequently 
in polymorphonuclear cells as in mono- 
the 
Good- 


and was often between 


cytes, 


cells in the early and late stages. 


seen 


pasture’s observation that the epithelium 
Was resistant to bacterial invasion would 
The epithe- 
lium never showed organisms unless over- 


secm definitely confirmed. 
grown. This in the main agrees with the 
findings of Florey.® 

‘hroughout the above changes in the 
Pever’s patches, a parallel transformation 


(Fig. 6). Acid-fast stains were negative. 
The resemblance to the “typhoid reac- 
tion” in the human was compelling. 
Discussion. It was thought originally 
that the histologic response observed might 
be due to a peculiarity of the antigenic 
structure of S. typhi murium. It was felt 
that possibly the XII somatic antigen, of 
the Kaufman-White schema, which S. 
typhi murium has in common with the 
typhoid group of organisms, might be 
accountable for this type of reaction, in 
the same sense as the chemical fractions 
of the tubercle bacillus have yielded spe- 
cific morphologic reactions. This seemed 


lic. 5.—Higher magnification, showing epithelioid character to the peripheral mononuclear exudate. 
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at first to be borne out by the finding of 
similar lesions with 2 strains of enteritidis, 
which organisms possess the XII somatic 
antigen, and the parallel failure of the 
infection with S. licht- 
feld, both of which strains do not possess 
the somatic antigen XII, to give such 
The latter 
observations need verification, because a 


muenchen and S. 


localized lesions in the ileum. 


total of only 6 guinea pigs were used for 
the lichtfe ld the S. 
muenchen. It is our impression that in 


strain and 3. for 


any series of animals injected with strains 
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matter further, for collateral evidenc: 
givea below seemed to rule out its signifi- 
cance. 

The failure of Waldman to produce le- 
sions in Peyer’s patches in mice with S 
schottmuclleri (para B) which also possesses 
somatic XII antigen, as does S. enteritidis 
which produced the lesion in as high as 
80% of the mice, seemed contrary to the 
intimation of this interpretation of these 
Also Pike and MacKenzie, 


Pike and Swinney,” 


experiments. 
O1VIN, and others 
have indicated that the major determinant 


Fia. 6. 


Epithelioid and tubercle-like response in the mesenteric lymph nodes. 


Note the giant 


cells present. 


of S. 
organisms, a group of 6 animals might 
found which will fail 
localizing reaction in the Peyer's patches. 
Pike and MacKenzie” have shown that 
large differences in virulence of strains 
will not be apparent, if tested in highly 


typhi murium or other salmonella 


be to give the 


susceptible animals over a narrow range 
of doses, and this presumably applies to 
the morphologic reaction. A larger series 
of animals should be used before ruling 
out any particular type of morphelogic 
reaction or giving a commanding position 
to any one demonstrated variant of tissue 
We not 


have pursued this 


response. 


of virulence and infectivity of some mem- 
bers of the salmonella group is serologically 
Dr. Saphra informs me that no 


Vi 


negative. 
antigenic component, including the 
factor, is definitely associated with patho- 
The 
bility that a particularly high titer of 
somatic XII antigen in the Grier strain 
might be significant was considered. This 


genicity in his experience. possi- 


was ruled out Dr. Seligmann and 


Dr. Saphra, who observed that the Grier 
strain, which gave us our best localization 


by 


in Peyer’s patches, showed, if anything. a 
lower titer of the somatic XII componei't. 
The mechanism involved in the produc- 


( 
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tion of such localization still remains 
obscure. Waldman and Rostowa have 
indicated that the lesion in the gastro- 
intestinal tract bears no relationship to 
the number of organisms in the gastro- 
intestinal lumen, as determined by counts 
on seeded plated media. They stress the 
fact that the localization of the lesion 
depends on more than the multiplication 
of the organisms within the lumen of the 
tract. It is of interest that in agreement 
with the latter authors, the cases that 
demonstrated the lesions best in Peyer’s 
patches were cases in which the organism 
was placed directly into the mouth of the 
animal, preferably in food. Intraperito- 
neal injection failed to give localizing 
lesions in Peyer’s patches, as has been 
amply demonstrated already by others for 
the subcutaneous and intravenous route. 
The avenue of infection would seem to be 
significant. 

The Peyer's patches and the draining 
mesenteric node, so prominent in_ this 
localized typhoidal form of enteric disease, 
occupies the same position as the primary 
complex in tuberculosis. The work of 
Orskov?!"! and his associates, and that 
of Seiffert,* Takita,!® Miiller,’ Waldman,'® 
ind others, has shown that the organisms 
are disseminated soon after ingestion and 
leave the intestinal tract, only to appear 
igain later, much as was shown to occur 
with the primary complex in tuberculosis 

Krause and others, except for the fact 
that the peripheral component of the 
rimary complex of tuberculosis does not 
resent the multiple involvement of many 
eyer’s patches. It must be remembered 
that tremendous numbers of salmonella 
organisms were given in contrast to what 
obtains ordinarily in the instance of the 

ual single satellite lesion of the ordinary 
intestinal tuberculous primary focus. 

We are left with no adequate positive 
e\planation for the localizing reaction. 
the thought remains that it might follow 

m the degree of the imbalance in toto 

the virulence of the particular organism 

‘ilson®?), to the local and general re- 

ance of the host as a whole. With this 


in mind, we repeated a series of guinea 
pigs with a very virulent type of organism 
given to us by Dr. Seligmann (1898).!° 
This virulent strain also did give very 
characteristic lesions in Peyer’s patches 
and in the mesenteric lymph nodes. The 
findings in this group of animals were, if 
anything, a bit more pronounced, though 
slower in appearance, than that obtained 
with the original Grier strain. The inabil- 
ity to produce such localized lesions on 
occasions, in some groups of guinea pigs 
with the same organisms which did cause 
such lesions in other pigs, indicates that 
the factors of individual variation and 
immunity are also of considerable im- 
portance. 


Materials and Methods—Animal Group 2. 
To test the hypothesis that the localized 
typhoid-like lesions of the intestinal tract, 
with their characteristic labilization of 
monocytes was dependent upon the degree 
of imbalance between the virulence of the 
organs and the local and general resistance 
of the host as a whole, 25 mice, 11 rats and 
14 guinea pigs were fed the same virulent 
organism in identical dosage of 24 hour 
culture, 7. €., 0.5 ee. to mice, 2 ee. to rats 
and 3 ce. to guinea pigs, and treated there- 
after with streptomycin. The streptomycin 
was given in saline solution to some and to 
others in oily suspension to prolong the 
effect by delayed absorption. Blood levels 
were not determined. No endeavor to ob- 
tain cures of the infected animals was made. 
We wished to observe morphologic altera- 
tions at various time intervals, and all ani- 
mals were sacrificed at periods varying 
from 6 to 96 hours after infection. The 
time selected was determined by the known 
tendency of untreated animals to show such 
lesions. The mice were given 100 units 
orally and 500 units per 20 gm. subcutane- 
ously; the rats were given 700 units orally 
and 300 units per 10 gm. subcutaneously; 
the guinea pigs were given 1500 units orally 
and 500 units per 20 gm. subcutaneously. 
The subcutaneous dose was trebled when 
the animals were allowed to live from 24 to 
72 hours (3 mice, 3 rats and 4 guinea pigs) 
and the dose was multiplied by 5 for the 
single animal of each type, which was al- 
lowed to live for 96 hours. Again tremendous 
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doses of organisms were administered, a 
minimum of 0.5 ec. of a 24 hour broth cul- 


ture being used. 


All 3 


animal species did present the most con- 


FINDINGS AND INTERPRETATION. 


sistent and outstanding localized lesions 
in Peyer’s patches that had been obtained 
The 


localized lesions in the Peyer’s patches 


in any single series up to this time. 


were prominent and well established in 
the mice and rats as well as the guinea 
pigs, which finding was noted only occa- 
untreated animals 


sionally in injected 


in these smaller species. It would seem 
that the therapeutic benefit of strepto- 
mycin tipped the balance in favor of the 
host, and a more favorable balance for 
localization of a primary type of infection 
is of interest that no 
definite evidence of healing was noted. 
This would be in keeping with the work 
of Seligman and Wassermann,!’ who found 


was obtained. It 


that the antibiotic rendered the tract free 
of organisms and delayed mortality only. 
As soon as the antibiotic was withheld, 
the organism reappeared in the tract and 
led to the usual lethal results. It 
interest further that on the basis of gen- 


is of 


eral pathology ot the salmonella infection 
in experimental animals, it was decided 
that both oral and subcutaneous adminis- 
tration of the streptomycin was indicated. 
It would seem that with the doses used 
for the time interval studied, the infection 
is held in check sufficiently to give the 
characteristic morbid changes and _ that 
no evidence of cure in the ordinary sense 
or healing of the lesion was encountered. 
At the time this work was done, strep- 
tomycin was difficult to obtain, and only 
a sufficient amount could be gotten for 
this relatively small series of animals. 
This work is to be repeated with a larger 
series, and it is hoped to test this hypoth- 
esis further with animals which have been 
given a partial immunity by vaccina- 
tion. 
Conclusion. 
of salmonella infection in the Peyer’s 


The morphologic changes 


patches of the intestine of guinea pigs 


INTESTINE IN SALMONELLA INFECTION 

are traced through the various stages from 
early invasion with histiocytosis to necro- 
The 


early lesion is studied from the standpoint 


sis, micro-abscesses and ulceration. 
of morphologic demonstration of bacterial 
invasion. 

The attempt to establish an explanation 
for the histiocytic reaction and the localiza- 
tion in Peyer’s patches, and the typhoid- 
like morphologic response, on the basis 
of antigenic component structure of the 
S. typhi murium, by the use of different 
antigenic strains of salmonella, has been 
This 


morphologic studies parallels the work of 


unsuccessful. indication of ow 
others as to the relative lack of signifi- 
cance of component antigenic structure 
in respect to bacteriologic, morbidity and 
mortality studies in this field. 

It is thought that the method of adminis- 
tration, the virulence of the organism, and 
the local and general resistance of the 
particular animal species, as well as the 
the 
represent important factors in the mechan- 


individual variation of host, may 
ism of pathologic localization to determin 
the characteristic morphologic lesions, and 
particularly the unique localization and 
distortion of Peyer’s patches of the intes- 
It is thought that the local tissue 
the 


degree of imbalance between the virulenc: 


tine. 
interrelationship that follows from 
of the particular organism in toto, rather 
than the antigenic structure, and the local 
and general resistance of the host as a 
whole, may be the determinant of the 
typhoid-like reaction. The 
histiocytic reaction with the monocytir 
proliferation, giving the typhoid-like ap 
pearance of Peyer’s patches, which fol 


outstanding 


lowed with infection plus the administra- 
tion of streptomycin to favor the host 
seems to confirm this viewpoint. 

The localizing reaction in the Peyer'’ 
patches and the regional lymph node 
presents several features of similarity t 
the 
tuberculosis, with peripheral focus an 


better-known primary complex i! 
satellite lymiph node localization in meset 


teric nodes. 
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THE increasing popularity of anticoagu- 
lant therapy has led to extensive clinical 
use of dicumarol, a drug whose therapeutic 
effect is achieved by reduction of the plas- 
Safe and 


effective administration of this agent is 


ma prothrombin concentration. 


entirely dependent upon repeated quan- 
titative determinations of the plasma pro- 
thrombin content. The only available 
method for this measurement suitable for 
routine clinical application is the Quick 
In this 
prothrombin concentration is_ esti- 


test® or one of its modifications. 
test 
mated by measuring the rate at which 
oxalated plasma clots at body temperature 
after addition of thromboplastic substance 
Unfortunately, the clotting 
time is influenced not only by the amount 


and calcium. 


of prothrombin present but also by other 
plasma components, by the concentration 
of the 
and particularly 


solution used for recalcification, 
by the nature of the 
thromboplastin employed.2, When a stand- 
ard technique is used, a hyperbolic rela- 
tionship exists between clotting time and 
prothrombin concentration.® However, 
the form of the hyperbola is extremely 
variable and is determined by the nature 
of the thromboplastin, the calcium con- 
centration, and the nature of the substrate 
in which the prothrombin is dissolved. 
Expression of the result of a prothrombin 
test in terms of “prothrombin time” is 
therefore meaningless unless the exact 
method used and the curve depicting the 
relatioaship between prothrombin time 


and prothrombin concentration for that 
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pression of the result of the test in terms 


particular method are known. 


of its relationship to the clotting time of 
a normal plasma, the so-called “ prothrom- 
bin index,” is equally without meaning 
Two very similar thromboplastins which 
give the same clotting times for a normal 
plasma may give very different results 
for an abnormal plasma.’ 

There is no agreement on the proper 
method of standardizing the prothrombin 
test, although the necessity for careful 
standardization is now fully appreciated.! 

In order to make the test quantitative, 
most investigators compare an unknown 
plasma with that dilution of a normal 
the 
time, expressing the result in terms of 


plasma which gives same clotting 


% of the normal prothrombin concentra- 
That this method is satisfactor 
for clinical use is suggested by the fact 


tion 


that large numbers of patients have been 
apparently successfully treated with di- 
cumarol. However, even when this tech- 
nique is employed, the question remains 
whether slightly different methods yield 
comparable results. The purpose of the 
present study was to determine whether 
prothrombin concentration when calcu- 
lated in this way is independent of th 
thromboplastin used in the test. 


Methods. Studies were made on fresh 
plasmas obtained from human subjects and 
normal dogs, and from human patients and 
dogs receiving dicumarol. Blood was dra\ 
into a dry syringe with care to prevent 
clotting or hemolysis and was immediati 
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mixed with 0.1 M sodium oxalate in the 
proportion of 9 to 1. The supernatant 
plasma was removed after centrifugation. 
Prothrombin-free plasmas were prepared by 
suspending barium sulfate powder or alumi- 
num hydroxide cream in plasma, incubating 
at 37.5° C. for 10 minutes, and then remov- 
ing the barium or aluminum salt by cen- 
trifugation. Prothrombin-free dog plasma 
was obtained by repeated administration of 
large doses of dicumarol to dogs until the 
plasma became incoagulable. The absence 
of prothrombin from these plasmas was 
demonstrated by the lack of clot formation 
on addition of thromboplastin and ecaleium. 
Acetone-treated rabbit brain thrombo- 
plastin emulsion was prepared according to 
the method of Brambel.6 This preparation 
will henceforth be referred to as thrombo- 
plastin A. Two commercial tissue thrombo- 
plastins were used and were prepared in ac- 
cordance with the instructions provided by 
the manufacturers. Bacto thromboplastin* 
will be referred to as thromboplastin B, and 
Maltine thromboplastint as thromboplas- 
tin M. Russell viper venom (Stypven) t was 
employed as a 1 to 10,000 solution either in 
0.5% phenol or in 0.85°; sodium chloride. 
All prothrombin time tests were performed 
vccording to a standard procedure. One- 
tenth ec. of the plasma to be tested was 
ntroduced into a 10 by 44 mm. test tube. 
One-tenth ce. of a thromboplastie prepara- 
tion was added and the tube was placed in 
water bath at 37.5° C. After several 
ninutes 0.1 ce. of 0.025 M calcium chloride 
olution was blown into the tube and simul- 
taneously a stop-watch was started. The 
prothrombin time was considered to be the 
iterval between the addition of calcium 
hloride and the first indication of clot 
rmation observed on tilting the tube. All 
eterminations were made in duplicate. 
Serial dilutions of normal plasmas were 
ade and the prothrombin time of each 
lution was determined with each thrombo- 
astin. The diluents employed were 0.85%; 
dium chloride, oxalated saline prepared 
mixing 9 parts of the sodium chloride 
lution with 1 part of 0.1 M sodium oxalate, 
d prothrombin-free plasmas prepared by 
e methods described above. In order to 
sure absolute comparability of the results, 
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a sufficient quantity of each thromboplastin 
was prepared in one lot for an entire experi- 
ment. In each experiment a single normal 
plasma was used for making all of the dilu- 
tions. Curves were constructed showing the 
relationship between prothrombin concen- 
tration (7. ¢., plasma dilution) and clotting 
time for each thromboplastin and for each 
diluent. Plasmas from patients receiving 
dicumarol were tested with portions of the 
same thromboplastic emulsions or solutions 
which had been used to establish these 
curves. By reference to the appropriate 
curve, the prothrombin content of the hypo- 
prothrombic plasmas was estimated in terms 
of ©) of normal. 


Simultaneous Estimation of 
the Prothrombin Concentration of Human 
Hy poprothrombic Plasmas With Throm- 
hoplastins, Using Saline as a Diluent. A 
normal human plasma was serially diluted 
with 0.85% sodium chloride solution. 
From the clotting times obtained with 
each dilution, activity curves of the vari- 
ous thromboplastins were constructed. 
When these curves were compared, they 
were found to differ considerably from 
each other. The curves for thromboplas- 
tins A and M are shown in Figure 1. 
Thromboplastin A produced the greatest 
changes in clotting time for small changes 
Results 
obtained with thromboplastin M, on the 
other hand, showed the most asympto- 


in prothrombin concentration. 


matic relationship between clotting time 
and plasma dilution. After these curves 
had been established, the same thrombo- 
plastic preparations which had been em- 
ployed to produce them were then im- 
mediately used to determine the pro- 
thrombin times of undiluted plasma from 
patients receiving dicumarol. With each 
clotting time obtained, reference was 
made to the appropriate activity curve 
and the result expressed in terms of % of 
normal prothrombin concentration. Table 
1 combines the result of 5 experiments and 
shows some typical comparisons. 

It is clear that when prothrombin con- 


* Difco Laboratories, Detroit, Michigan. 
+ .The Maltine Company, New York, New York. 
t The Wellcome Physiological Research Laboratories, Beckenham, England. 
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centrations of hypoprothrombic plasma 
were estimated using thromboplastin M, 
the results usually indicated concentra- 
than 


with the other thromboplastins. 


tions much lower those obtained 
Stypven 
often gave values very much higher than 
On 


some occasions clotting times obtained 


the tissue extract thromboplastins. 


with Stypven were normal when results 
with other thromboplastins indicated se- 
vere prothrombin deficiency. 

Comparison of Saline and Prothrombin- 


MORSE: 


free Plasmas as Diluents for Normal Dog 
Plasma. 


dogs to determine whether the discrep- 


Experiments were performed on 


ancy which had been observed between 
the results obtained with different throm- 
the 


con- 


boplastins could be explained by 
of diluent 


structing the reference curves. 


use saline as a in 
Fresh in- 
coagulable blood from dogs treated with 
large doses of dicumarol was oxalated in 
the usual fashion. The plasmas obtained 


were used for preparing serial dilutions of 
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CONCENTRATION oF NORMAL HUMAN PLASMA 
(PER CENT) 
Fic. 1.—Clotting times of saline and barium plasma dilutions of a normal human plasma with 
thromboplastins A and M. 
TABLE 1.— PROTHROMBIN CONCENTRATIONS OF PLASMAS OBTAINED FROM PATIENTS RECEIVING 


DICcUMAROL, EXPRESSED As % 


4 THROMBOPLASTINS USING SALINE 


Patient A 
1 12 
2 25 
3 25 
4 25 
5 20 
6 20 
7 60 


NORMAL AS DETERMINED BY 
DILUTION CURVES 


OF 


Thromboplastin 


B M Stypven 
10 < 25 
30 “10 50 
25 10 40 
<10 30 
<10 30 
18 <10 40 
45 25 60 
2 36 


| 
I 
9 32 bs 18 
10 19 F 10 
Ll 50 35 
12 42 25 
13 20 10 
14 17 14 14 100 
15 30 20 15 100 


FTHROMBOPLASTIC FACTORS IN ESTIMATION 


The clotting time 
of each dilution was determined with each 
thromboplastin. If dicumarol affects only 
prothrombin, it could be reasonably as- 
sumed that the only significant variable 
in these plasma dilutions was the pro- 
Parallel deter- 
minations were made at the same time 


normal dog plasma. 


thrombin concentration. 
using as diluents saline, oxalated saline, 
and dog plasma treated with barium sul- 
fate and with aluminum hydroxide. 
When dicumarolized (prothrombin-free) 
dog plasma was used as a diluent, a quite 
different clotting curve was obtained than 
When barium sul- 
fate treated dog plasma was employed as 
a diluent, the results very closely approxi- 
mated those obtained with dicumarolized 
On the other hand, when 


when saline was used. 


dog plasma. 
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the normal plasma was diluted with alu- 
minum hydroxide treated plasma, the 
clotting times approximated those ob- 
tained with saline. Dog plasma diluted 
with oxalated saline gave essentially the 
same clotting times as when saline was 
used as a diluent. Figure 2 shows some 
of these results. With all of the thrombo- 
plastins dilutions below 
about 15% gave clotting times which ex- 
ceeded those obtained with corresponding 
dilutions with prothrombin-free plasma. 
This was probably a result of the reduced 
concentration of other plasma componeuts 
including fibrinogen in the saline dilu- 
tions.© The curves obtained with throm- 
boplastin M are of interest in that saline 
dilutions of dog plasma above 15% gave 
slightly shorter clotting times than did 


tested, saline 


60 +> 
THROMBOPLASTIN 7 
DILUENTS: 
DOG PLASMA 
40 4. (PROTHROMBIN FREE) _ 
0.85 P-C SODIUM CHLORIDE 
SOLUTION 
\ 
20 4.4% 
NA 
~, 
THROMBOPLASTIN “A” i 
= DILUENTS: 
‘DICUMAROLIZED DOG PLASMA 
80 (PROTHROMBIN FREE ) 
DOG PLASMA 
ALUMINUM HYDROXIDE TREATED 
3 DOG PLASMA 
60 4 -—-—- 0.85 P-C SODIUM CHLORIDE = 
SOLUTION 
ao | 
20 4 od 
T 
25 50 75 100 


CONCENTRATION OF 


NORMAL DOG PLASMA 


(PER CENT ) 


9 


IK 
IG 


Two experiments showing clotting time concentration curves for dog plasma using several 
diluents and 2 thromboplastins. 
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the corresponding prothrombin-free plas- 
On the 
thromboplastins A 


other hand, with 

the clotting 
tended to 
longer than those of the corresponding 


ma dilutions. 
and B 
times of saline dilutions be 
dicumarolized dog plasma dilutions. Styp- 
ven caused oxalated dog plasma to clot 
without addition of calcium and therefore 
could not be studied. 
Clot Accelerating 
Dog Plasma. 


normal dog plasma with all of the throm- 


Nor mal 


The prothrombin times of 


Property of 


boplastins were much shorter than those 
of normal human plasma. The prothrom- 
bin activity curves were all more asym- 
ptotic than the corresponding curves for 
The marked differences 
the different 
thromboplastins which had been demon- 


human plasma. 


hetween the curves for 
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clotting time curve closely resembled the 


curve obtained with dilutions of nor 


mal dog plasma. The prothrombin time 
of plasmas from patients receiving di 
cumarol also were greatly shortened or 
addition of prothrombin-free dog plasma 
Furthermore, oxalated prothrombin-fre« 
dog plasma, when added to oxalated hemo 
the 


plasma clotting time much more than did 


philic plasma, shortened recalerfir 


an equal quantity of oxalated normal 
These clot 


effects were obtained after removal of the 


human plasma. accelerating 
fibrinogen from the dog plasma by heat- 
ing at 56° C. for 5 minutes but disappeared 
after heating at 65° C. for 5 minutes. 
Prothrombin-free Tluman Plasma U's 
as a Diluent for Normal Human Plasma 


Prothrombin activity curves for thrombo- 


strated for human blood were not seen  plastin A were constructed using saline 
TABLE 2 PROTHROMBIN CLOTTING TIMES, EXPRESSED IN SECONDS, OF SERIAL DILUTIONS 
NoRMAL HuMAN PrLasMaA, USING THROMBOPLASTIN A AND SEVERAL DILUENTS 
D 
Alum W 
nlasy 
plas! 0.85! low 
ifug 000 
100 16 16 16 i6 1¢ 
70 19 
0 24 2s 2s 21 22 
1() Ds 24 
0 85 17 26 
0) 74 05 
15 79 10 
10 23 105 52 52 


with dog blood. Only when the prothrom- 
bin concentration of dog plasma was re- 
duced below about 25% was there any 
appreciable change in clotting time with 
any of the thromboplastins. This acceler- 
ated clotting of dog plasma is caused by 
a component of prothrombia-free plasma.'° 
When incoagulable plasma from a dicum- 
arolized dog was added to normal human 
the 


mixture was shortened instead of being 


plasma, the prothrombin time of 
prolonged as it would have been by dilu- 
tion with human prothrombin-free plasma. 
When serial dilutions of human plasma 
with 
plasma, the prothrombin concentration- 


were made prothrombin-free dog 


arium plasma and aluminum hydrox! 
| pl 1 al hvd 
plasma as diluents for a normal humar 


plasma. The relationship between the 


curves was similar to that observed in t! 
(Table 2). 


plasma dilutions gave clotting times whi: 


dog \luminum hydrox 


were longer than the corresponding sali 


dilutions. As previously observed in 1 


dog, aluminum plasma appeared to ha 
a clot-retarding effect. After centrifuging 
the aluminum plasma at 5000 r.p.m. 

10 


gave results approaching those obtain 


an angle centrifuge for minutes, 


with saline. Apparently, as suggested 
Tanturi and Banfi'® some of the alumim 
hydroxide remained suspended after cer- 


I 


THROMBOPLASTIC FACTORS IN ESTIMATION 


trifugation and absorbed a portion of the 
prothrombin of the plasma being diluted, 
thus prolonging the clotting time. With 
thromboplastin A the barium plasma 
dilutions always gave shorter clotting 
times than the corresponding saline or 
aluminum plasma dilutions. 

A small amount of blood was obtained 
from an infant with hemorrhagic disease 
of the newborn. The prothrombin time 

f the plasma from this patient, deter- 
mined with thromboplastin A, was 570 
seconds. This virtually prothrombin-free 
plasma was used as a diluent for the 
normal plasma being tested.’ The clotting 
times of the normal plasma so diluted 
were found to be identical with the clot- 
ting times of the same normal plasma 
correspondingly diluted with barium plas- 
ma (Table 2). Barium. sulfate-treated 
plasma thus appeared to be a suitable 
prothrombin-free plasma for use as a dilu- 
ent. Provided that enough barium sulfate 
was used to remove all of the prothrom- 
bin, variations in the quantity of barium 
sulfate employed had no demonstrable 
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thromboplastins A, B and M._ Results 
are shown in Table 3 (see also Fig. 1). 
The curves for thromboplastins A and M 
were almost superimposable when barium 
plasma was employed as a diluent. When 
saline was used, however, the clotting 
times of the various dilutions were rela- 
tively prolonged for thromboplastin A 
and relatively shortened for thrombo- 
plastin M. Saline dilution thus affected 
the acticn of these 2 thromboplastins in 
exactly opposite ways. This suggests that 
there are components of plasma other 
than prothrombin which accelerate the 
clotting action of thromboplastin A and 
which inhibit thromboplastin M. These 
observations were confirmed in 5 separate 
experiments using several different lots of 
the thromboplastins and several normal 
plasmas. 

Prothrombin times of plasmas from 
patients receiving dicumarol were then 
determined with each thromboplastin and 
the prothrombin concentrations calcu- 
lated in terms of % of the normal. As in 
previous experiments, portions of the same 
thromboplastic preparations which had 


PROTHROMBIN CLOTTING TIMES, EXPRESSED IN SECONDS, OF SERIAL DILUTIONS OF A NORMAL 


Human PrasmMa Usine 0.85% Sopium CHLORIDE AND BARIUM SULFATE 
TREATED PLASMA AS DILUENTS* 


Concentration of normal plasma (%) 


mboplastin Diluent 100 50 


{ Saline 24 

\ 16 
Barium plasma 21 
Saline 20 

B 14 
Barium plasma 17 
Saline 16 

M 14 
Barium plasma 19 


40 30 20 10 5 2.5 


35 47 108 
25 30 19 SS 
23 25 »S 66 >200 
1S 21 25 3s 54 120 
1s 19 22 41 94 
21 25 33 55 S7 167 


lhree thromboplastins, A, B and M were employed. 


simultaneous Estimation of the Pro- 
nbin Concentration of Human Hypo- 
thromlne Plasmas with 3 Thromboplas- 

Using Prothrombin-free Plasma as a 
D uent. Clotting time-prothrombin con- 
ce tration curves of a single normal 
hiinan plasma using saline and barium 
plisma as diluents were prepared for 


been used to establish the clotting time- 
concentration curves were employed to 
test the hypoprothrombic plasmas. 

The calculated prothrombin percentages 
of the hypoprothrombie plasmas when 
determined with thromboplastin A or B 
were lower when barium plasma was used 
as a diluent in constructing the reference 


ld] 
iv’ 
effect. 
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With 


thromboplastin M the converse was true. 


curves than when saline was used. 


The prothrombin concentrations calcu- 
lated from the barium plasma curves for 
the different thromboplastins showed close 
agreement in only about 50% of the 
plasmas studied. In the remainder, throm- 
boplastin M now gave results distinctly 
higher than those obtained with thrombo- 
plastin A, a difference which was opposite 
in direction to that observed when saline 
dilutions were used (Table 4) 


TaBLeE 4.— PROTHROMBIN CONCENTRATIONS OF 
DIcUMAROL, ESTIMATED: FrRoM BartuM 


Patient Thromboplastin 


M 
B 
A 
M 
B 

3 
M 

M 

5 ‘ ; ‘ A 
M 

6 A 
M 
7 A. 
M 

. ‘ A 
M 

9 ; ‘ ‘ A 
M 

M 


* Thromboplastins A, B and M were used. 


Proth rombin-free Plasmas From Diff rent 
Human Sources Used as Diluents for a 
Normal Plasma. Barium plasma was pre- 
pared from the blood of normal individ- 
uals, patients receiving dicumarol and a 
small group of patients with various dis- 
When these barium plasma were 
used concurrently as diluents for the same 
normal plasma, superimposable clotting 
time curves generally 
(Table 5). In 1 instance barium plasma 


eases. 


were obtained 
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prepared from the blood of a patient wh« 
was receiving dicumarol had a definit: 
clot retarding effect and behaved as if j 
(Table 


However, barium plasma 


contained an anticoagulant 
Patient 10). 
from 9 other dicumarolized patients, some 
of whom had more severe degrees o 


hypoprothrombinemia, gave essential). 


the same results as barium treated norma! 
plasma. Thus no evidence was obtained 
that dicumarol significantly affected any 
plasma component other than prothrom- 


PLASMAS OBTAINED FROM PATIENTS RECEIVING 
PLASMA AND SALINE DILUTION CURVES* 


Plasma prothrombin concentration 
% of normal 

Estimated from 

barium plasma 


Estimated from 
saline dilution 


dilution curve curve 
9 17 
23 14 
14 
17 30 
25 15 
17 20 
16 
21 16 
13 23 
12 Ss 
12 20 
14 9 
10 23 
22 18 
22 38 
24 2 
12 25 
17 13 
25 41 
2 20 
22 38 
24 2 


bin. In 2 experiments barium plasma was 
prepared from the blood of the dicumarol- 
ized patients being studied, and _ these 
barium plasmas were used as diluents for 
a normal plasma to construct the activits 
curves for thromboplastins A and M. 
Even when this was done, determinations 
with thromboplastin M yielded prothrom- 
bin concentrations approximately twice as 
high as with thromboplastin A for these 
2 patients. 
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Effect of Changes in Concentration on the 
letivity of a Thromboplastin. Having 
demonstrated the lack of comparability 
of different thromboplastins we next stud- 
ied the alterations in behavior of a single 
thromboplastin resulting from changes in 
its concentration. Only thromboplastin A 
was included in this experiment. <A 
standard thromboplastic emulsion A was 


serially diluted with saline and each of 
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the diluted preparations was employed to 
determine the prothrombin time of the 
following: normal plasma, the same nor- 
mal plasma diluted to 20% with saline, 
normal plasma diluted to 20% with bar- 
ium plasma, and undiluted plasma from 
2 patients receiving dicumarol. The re- 
Dilution of 
the thromboplastin to as low as 25% of 
its original concentyation had a very slight 


sults are shown in Figure 3. 


TaBLe 5.—CLOTTING TIMES IN SECONDS OF 20% 10% Di_tutions or NormaL HuMAN PLasMa, 
Usinc as Ditvuents Bartum SULFATE TREATED PLASMAS FROM 10 PaTIENTS, 
S orf WHom Recetvine DicumMarRo. 
Concentration of normal 
human plasma 
rhromboplastin Source of barium plasma 100% 20% 10% 
Exp. | A Normal subject 16 36 58 
Patient 1 (dicumarol) 39 
Patient 2 (dicumarol) 37 
Patient 3 (dicumarol) 43 
Patient 4 (dicumarol) 43 
Patient 5 (dicumarol) 39 
Patient 6 (dicumarol) 39 
Exp. 2 \ Normal subject 19 40 61 
Patient 7 (postoperative laparotomy) 39 66 
Patient 8 (hyperglobulinemia) 42 64 
Exp. 3 \ Normal subject 17 34 54 
Patient 9 (dicumarol) 37 66 
Patient 10 (diecumarol) 63 114 
Exp. 4 M Normal subject 29 44 
Patient 9 (dicumarol) 16 2s 42 
Patient 10 (dicumarol) 6S 97 
*———WORMAL UNDILUTED PLASMA 4 
oneeeq 20P-C NORMAL PLASMA IN SALINE 
O——OPLASMA FROM PATIENTS RECEIVING 
DICUMAROL 
NORMAL PLASMA IN BARIUM SULFATE 
TREATED PLASMA 
= 
w 
= 
© 
i i 
S T + 
100 50 25 125 6.26 
THROMBOPLASTIN CONCENTRATION 


(PER CENT OF ORIGINAL 


CONCENTRATION ) 


3.— Effect of altering the concentration of thromboplastin A on the clotting times obtained 
with normal, hypoprothrombic and diluted plasmas. 
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effect on all of the 


plasmas tested except the one diluted with 


saline, which showed marked shortening 


of the clotting time. With further dilu- 


tion of the thromboplastin below 25% 


clot-accelerating 


the clotting times of all of the plasmas 
The 20% 


plasma in saline gave a longer clotting 


became increasingly prolonged. 


time than any of the other plasmas being 
tested when the standagd undiluted throm- 
boplastin A was used; but with a 6.25% 
thromboplastin, it gave a clotting time 
shorter than those of the other plasmas. 
Thus thromboplastin A, when diluted to 
6.25% gave results which resembled those 
previously obtained with thromboplastin 
M, e., plasma diluted with saline gave 
a shorter clotting time than when equally 
diluted with barium plasma. As a matter 
of fact, in this particular case 20% normal 
plasma in saline gave about the same 
clotting time as the normal undiluted 
plasma. 

Discussion. ‘The necessity for standard- 
ization of the prothrombin test has been 
emphasized in clinies where dicumarol is 
being used.4°  Allen® has recently called 
attention to the need for expression of the 
results of prothrombin tests in_ terms 
which will make comparison of the results 
It has 


apparently been generally assumed that 


of different investigators possible. 


if results of the tests are expressed in 
terms of % of normal prothrombin deter- 
mined by reference to clotting time-dilu- 
tion curves of normal plasma, such com- 
Our studies 

When the 


prothrombin concentration of plasma from 


parability can be achieved. 
show that this is not true. 


a patient receiving dicumarol is estimated 
by methods which are identical except 
for variations in the nature or quantity of 
thromboplastic substance used, grossly) 
different results may be obtained. One 
thromboplastin may regularly give ap- 
parent prothrombin concentrations lower 
than those obtained with another throm- 
boplastin. 

The studies which have been presented 
shed some light on the cause of this dis- 
crepancy. The reaction of thromboplastin 
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with prothrombin is apparently very co: 
plex, and both plasma and thromboplas 
preparations appear to contain clotti 
accelerators and inhibitors whose inter- 
action, as well as the prothrombin con- 
centration, affect the result of the t 
The presence of unknown factors in plasma 
which may influence the rate of clott 
has been suggested by other investigator 
In our experiments the action of thrombo- 
plastin A was found to be enhanced a) 
prothrombin-free plasma, so that whe 
such plasma was used to dilute normal 
plasma, shorter clotting times were ob- 
tained than when saline was used a 
diluent. On the other hand, thrombo- 
plastin M appeared to be inhibited 
prothrombin-free plasma, and the us 
saline as a diluent gave shorter clotting 
times. On the basis of these results it 
apparent why prothrombin concentrations 
calculated from saline dilution curves are 
regularly higher for thromboplastin A 
than for thromboplastin M. 

This discrepancy theoretically should 
be overcome if an ideal prothrombin-fre: 
plasma could be used as a diluent in con- 
structing the activity curves. Such a dilu- 
ent should be identical with the plasma 
being tested except for lack of prothrom- 
bin. In an attempt to obtain such a 
diluent we have used plasma from which 
the prothrombin has been removed bj 
treatment with barium sulfate and alumi- 
num hydroxide, plasma from dogs rend- 
ered prothrombin-free with dicumarol, and 
plasma from an infant with hemorrhagi 
disease of the newborn. Comparison 0! 
the results obtained with these plasmas 
show that in dogs, barium sulfate-treated 
plasma closely resembles the plasma ob- 
tained after administration of sufficient 
dicumarol to render the blood incoagul- 
able. Human barium plasma could not 


be distinguished from the plasma ol 


tained from a severely prothrombin ef- 
cient infant. Aluminum hydroxide-treated 
plasma, on the other hand, is not compar- 
able to the prothrombin-free pla 1as 
prepared in other ways and seems to !iave 
a slight clot-retarding action. 


tl 
pl 
di 
ft 
in 
D1 
tl 
di 
or 
re 
pl 
ed 
In 
di 
th 
is 
ad 
CO 
ad 
ol 
to 
th 
rec 
ho 
dic 
ot 
fr 
ret 
ho 
fir 
ra 
fri 
de 
ot 
alt 
ac 
Stl 
int 
det 
eri 
th 
ed 
mi 


PHROMBOPLASTIC FACTORS IN ESTIMATION 


On estimating the prothrombin concen- 
tration of a hypoprothrombic plasma using 
several thromboplastins and their appro- 
priate barium plasma reference curves, a 
discrepancy between the results obtained 
This observation 
suggests that (1) barium plasma differs 
in an obscure way from an ideal prothrom- 


frequently persisted. 


bin-free plasma, (2) dicumarol alters pro- 
thrombin qualitatively so that it responds 
to different thromboplastins, 
or (3) dicumarol alters some other plasma 


differently 


component which affects various thrombo- 
plastins differently. 

We were unable to demonstrate a sig- 
nificant difference between plasmas treat- 
ed with barium sulfate and plasmas lack- 
ing prothrombin as a result of physiologic 
disturbance. We have not shown that 
the prothrombin which remains in the 
blood after administration of dicumarol 
is altered in any way, but this remains 
Finally, on 
comparing barium plasma obtained from 


a theoretical possibility. 
a number of sources including the blood 
of dicumarolized patients, we were unable 
to demonstrate any difference between 
the prothrombin-free plasmas of patients 
receiving dicumarol and the plasmas of 
normal individuals similarly treated. We 
did find definite evidence of the presence 
of an anticoagulant in the barium plasma 
from 1 patient, but the nature of the clot- 
retarding component of this plasma was 
We feel that this isolated 
finding is sufficiently stimulating to war- 


not determined. 


rant a systematic study of barium plasmas 
from patients with various diseases to 
determine their effects on the clotting time 
of normal plasma. It is possible that 


alterations in clot-inhibiting clot- 
accelerating mechanisms might be demon- 


strated in that way. It would be of great 


interest to study barium plasmas from 


patients predisposed to thrombosis to 
determine whethera clot-accelerating prop- 
ert’ can be demonstrated. It is possible 
tha: the “hyperprothrombinemia” report- 
ed by some investigators” in such cases 
mig it be shown to be the result of the 


OF PROTHROMBIN CONCENTRATION 167 


presence of a clot-accelerator in prothrom- 
bin-free plasma. 

There is no doubt that prothrombin- 
free plasma may contain substances apart 
from fibrinogen which have important 
effect on the rate of clotting. The accel- 
erated clotting of dog plasma as compared 
with human plasma is caused by such a 
factor. This clotting accelerator in pro- 
thrombin- and fibrinogen-free dog plasma 
was found to withstand heat at 56° C. 
for 5 minutes and to be destroyed at 
65° C. It had an amazingly potent clot 
accelerating action on normal, hypopro- 
thrombic and hemophilic human plasma. 
The nature of this factor is unknown. It 
has been considered by Quick'® to be 
“prothrombin A” but it seems unlikely to 
us that it should be classified with pro- 
thrombin at all. 
progress to determine its nature. 


Further studies are in 
Prob- 
ably a similar substance is present in 
human plasma in lower concentration. 
The relatively prolonged clotting times of 
high saline dilutions of plasma as com- 
pared with prothrombin-free plasma dilu- 
tions, are probably due to lack of this 
factor as well as to the decreased fibrinogen 
concentration, 

Our studies clearly show that results 
obtained with different thromboplastins 
are influenced in different ways by factors 
other than prothrombin. Stypven in par- 
ticular seems to be subject to influence 
by other plasma components. The work 
of Rapoport" suggests that plasma com- 
ponents other than prothrombin affect 
clotting times obtained with Stypven. 
We have repeatedly found that some 
plasmas which appear to be severely hypo- 
prothrombic when tested with tissue 
thromboplastins give normal clotting times 
with Stypven. This may occur whether 
the prothrombin-deficient plasmas are ob- 
tained from patients with jaundice or from 
patients receiving dicumarol. Stypven 
gave results which were not consistently 
related to the results obtained with tissue 
thromboplastins. For these reasons we 
consider Stypven to be an unsatisfactory 
thromboplastin for use in the prothrombin 
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test. If used to control dicumarol ther- 
apy, it apparently could be dangerous. 

The tissue extract preparations which 
were studied, when prepared in a standard 
way, gave results which while not at all 
comparable, at least showed consistent 
differences. It is not known how much 
these differences depend on qualitative 
and how much on quantitative variations 
in the thromboplastins. However, when 
merely the concentration of a_ single 
thromboplastin was altered, divergent 
results were obtained. This can be ex- 
plained only by assuming that the throm- 
boplastin contained both clotting accelera- 
tor and clotting inhibitor factors which 
were differentially affected by dilution. 
In thromboplastin A the clotting inhibitor 
was rendered less effective when the throm- 
boplastin was diluted, so that clotting 
times obtained with the diluted thrombo- 
plastin were shorter than those with the 
original preparation. This clotting inhibi- 
tor in thromboplastin A was opposed by 
some component of plasma, so that when 
clotting times of whole plasma were deter- 
mined, the times were shorter than when 
saline dilutions of plasma were used, even 
though the prothrombin concentrations 
were the same in both instances. After 
dilution of the thromboplastin, this pro- 
longation of the clotting time of saline- 
diluted plasma no longer occurred. Thus 
the difference between the clotting times 
of a plasma equally diluted with prothrom- 
bin-free plasma and with saline may be 
in part the result of an effect on the 
thromboplastin itself of the difference in 
plasma concentration. 

It is apparent that the results of pro- 
thrombin tests performed in one laboratory 
cannot be compared to results obtained 
Even when thromboplastin 
from the same source is used, the results 
may not be comparable. When different 


elsewhere. 


thromboplastins are employed, comparison 
of results is difficult if not impossible. The 
order of magnitude of the discrepancies 
between different methods is not small. 
Caution should be used in interpreting 
the results of a test which is subject to 


MORSE: 


the influence of so many variables. Alter 

tions in the prothrombin time do_ not 
necessarily imply changes in prothrombin 
concentration. In assessing the effects of 
drugs and other agents on the prothron 

bin concentration, the possibility that 
something other than change in prothrom- 
bin is causing the change in clotting time 
Refine - 


ments of the prothrombin test designed 


should always be borne in mind. 


to increase its sensitivity, such as the use 
of saline dilutions of plasmas being tested, 
must be regarded with some skepticism 
When plasma is mixed with saline, much 
more than simple dilution of prothrombin 
occurs. Accurate interpretation of results 
so obtained requires more knowledge than 
we have at the present time. 

Summary. 
trations of hypoprothrombic plasmas wer 


The prothrombin concen- 


determined, using a standard adaptation 
of Quick’s method and 4 different throm- 
boplastic preparations. When these pro- 
thrombin concentrations were estimated 
by reference to saline dilution-clotting 
time curves of normal plasma, markedly 
different results were obtained with the 
different When pro- 
thrombin-free plasma was used as a dilu- 


thromboplastins. 


ent instead of saline, agreement between 
the results obtained with some of the 
thromboplastins was improved, but it was 
not possible to obtain strict comparability. 
Evidence was obtained that normal plasma 
contains factors other than prothrombin 
which affect different thromboplastins in 
different ways. Prothrombin-free plasma 
contains factors other than _ fibrinogen 
which may have an important effect on 
the rate of clotting. Thromboplastic 
preparations themselves may contain both 
clot-accelerating and clot-inhibiting com- 
ponents. The exceedingly complex nature 
of the interaction between thromboplastin 
and plasma was demonstrated. 

At present it appears to be difficult if 
not impossible to compare prothrombin 
levels reported from one laboratory with 
Unless steps 
are taken to make the results of prothror- 
bin tests more comparable, some of 1 


those obtained in another. 
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value of the extensive clinical studies of 
dicumarol now being conducted will be 
lost. A thromboplastin should be selected 
which is least affected by variations in 
plasma components other than prothrom- 
bin. The use of prothrombin-free plasma 
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as a diluent in constructing reference 
curves is an essential step toward achiev- 
ing comparability. Under the best of 
circumstances, results obtained with dif- 
ferent prothrombin methods apparently 
cannot be made to give perfect agreement. 


We wish to express our gratitude to Dr. Beverly H. White, Department of Surgery, who provided 
| of the dog plasma used in our experiments, and to Dr. Charles E. Brambel, Mercy Hospital, Balti- 
more, Maryland, who demonstrated to us the technique of preparation of his thromboplastice reagent. 
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Stupy of the sternal bone marrow has 
proven to be of value as a diagnostic pro- 
cedure in many conditions. Most observ- 
ers have relied upon the cytology of smears, 
the cell the 
metric pattern in estimating the activity 
Although these stud- 
ies furnish valuable information they offer 


nue leated count and volu- 


of the marrow. 


only indirect evidence of the functional 
state of the marrow, the histologic struc- 
ture and the relationship of the cells in situ. 
Errors in determining the absolute num- 
ber of bone marrow elements may occur 
due to dilution of the marrow with periph- 
eral blood and the relative numbers of each 
cell type cannot always be assayed with 
certainty from smears alone. The impor- 
tance of studying fixed tissue sections for 
accurate evaluation of the bone marrow 
activity has, therefore, been emphasized 
repeatedly.?* 

Many methods have been devised to 
the 


Surgical trephine has 


study the histopathology of bone 
marrow clinically. 
been used to obtain material for tissue 
but this 


simple as needle aspiration biopsy and is, 


sections,** method is not as 
therefore, not as desirable for routine use. 
Material for other methods of estimating 
the activity of the marrow, such as the 
nucleated cell count and volumetric pat- 
tern, are likewise not obtained by this 
method. 

Because of the ease and simplicity of 
sternal puncture, preparation of histologic 
sections from aspirated material would be 
preferable if the results obtained were as 


PROFESSOR OF 


MEDICINE 


the Schoo 


ol Medi ine, W estern 


University 


Amprino and Penati,! and Mer- 
tans® obtained tissue section of the mar- 


reliable. 


row by allowing the aspirated material to 
clot. 
bedded in 


The coagulum was then fixed, em- 


celloidin and sectioned. By 


this method, however, the volumetric pat- 
cell 


obtained and the marrow particles remain 


tern and nucleated count are not 


dispersed in the blood so that adequate 
sampling may be difficult. Schleicher and 
Tucker®!® described a method for fixing, 
embedding and sectioning serially the 
individual gross marrow particles that are 
present in the aspirated marrow and have 
repeatedly demonstrated the value of his- 
tologic section in aw ide variety of diseast S. 
This method requires special techniques 
and appears to us to be too difficult and 
time-consuming for ordinary routine use 
Recently, Berman and Axelrod? described 
a method of obtaining smears, volumetri 
readings, imprints and_histopathologi 
sections from 1.5 cc. of aspirated material. 
In this the 


particles adhering to the sides of a paraffin 


method individual marrow 
vial and the syringe are carefully collected 
placed on a thrombin-coated area of a 
The 


coagulum is then fixed, embedded and 


glass slide and clotted with plasma. 


sectioned. It has been our experience, 
however, that difficulty is sometimes en- 
countered in transferring these minute 
particles, and many may be lost by adher- 
ing to the sides of the vial or to the im- 
plements used in transfer. Some are 
crushed and some are too small to collect, 


so that when the yield in marrow particles 


is poor, a satisfactory preparation cannot 
be obtained. 

This paper describes a method for ob- 
taining histologic sections of the bone 
marrow from aspirated material adapted 
to routine use and avoids manipulation of 
individual particles. Smears, imprints, 
nucleated cell counts and the volumetric 
pattern are also obtainable for comparison 
by this method. 


Method. Routine aseptic precautions and 
local anesthesia with procaine are used. The 
sternal puncture needle is an ordinary lum- 
bar puncture needle with stylet cut down 
so that the shaft of the needle is 4 to 5 em. 
in length and has a shallow bevel. The 
body of the sternum at the level of the 
second interspace is entered by the usual 
technique. The manubrium other 
portions of the body of the sternum are 
also satisfactory sites. The first small 
drop of marrow obtained is expelled upon a 
glass slide and is used to make several smears. 
One cc. of material is then aspirated and is 
placed in a bottle containing 0.2 ee. of 
Wintrobe anticoagulant* which has been 
evaporated to dryness. 

A nucleated cell count is made and the 
aspirated material is then transferred to a 
hematocrit tube. The tube is centrifuged 
at 2500 revolutions per minute for 20 min- 
utes to obtain the volumetrie pattern which 
consists of the myeloid-erythroid layer, fat, 
red blood corpuscle and plasma content. 

After the blood has been removed from the 
bottle containing anticoagulant, gross mar- 
row particles are almost invariably seen ad- 
hering to the sides. These particles are 

ashed down with plasma. The suspension 

gross marrow particles in plasma is then 
transferred to a small test tube (10 by 
'.5 em.) with the pipette designed for use 
ith the Wintrobe hematocrit tube and is 
lowed to sediment for 10 to 30 minutes 
an ice-box at about 4° C. This allows 
e marrow particles to aggregate, usually 
the top but occasionally on the bottom, 
pending upon the specific gravity of the 
lividual particles. The surplus plasma is 
refully aspirated with a Wintrobe pipette, 
re being taken not to remove any particles. 
e smallest amount of plasma possible to 
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suspend the particles is allowed to remain, 
assuring a high concentration of marrow in 
the final preparation. One drop of 0.25 M 
calcium chloride is added to clot the plasma. 
Excess calcium prevents formation of the 
clot and rarely a drop of thromboplastin 
solution may be necessary to insure clotting. 
The resultant clot containing the marrow 
particles is placed in Zenker’s acetic fixative 
for 30 minutes to 1 hour, and rinsed briefly 
in tap water. The material is then placed 
in 50°, aleohol and is dehydrated through 
60, 70, 85, 95°; and absolute aleohol and 
xvlene. The tissue is allowed to remain 
in each alcohol solution for about 1 hour 
and in the xylene for about 45 minutes. 
It may be allowed to remain overnight in 
the 85°, alcohol. Three changes are made 
within each hour beginning with 95‘; aleo- 
hol. It is then infiltrated with paraffin 
containing about 2°; beeswax, 3 changes of 
this paraffin mixture being employed within 
a period of 25 to 3 hours. It is then em- 
bedded, sectioned serially at 4 u and stained 
with Harris’ hematoxylin and eosin. 


Discussion. With this method histologic 
sections of the bone marrow, as well as 
smears, nucleated cell count and volu- 
metric pattern can be obtained almost 
routinely. Those specimens yielding many 
large particles are easiest to prepare, but 
occasionally only a few particles can be 
seen adhering to the glass vial. In these 
cases it is more difficult and occasionally 
impossible to gather enough material to 
make a tissue block. The failures are 
infrequent, occurring chiefly with hypo- 
plastic or sclerotic bone marrow. With 
increasing experience practically all of the 
specimens yield material satisfactorily for 
section. 

The histologic appearance of the marrow 
is comparable to that obtained by trephine 
and does not appear to be distorted. Bone 
spicules, small arterioles and capillaries 
are frequently present. The normal rela- 
tionship of cells, sinusoids and fat is 
intact. Correlation of the appearance of 
antemortem sections with postmortem 
sections is excellent. 


Wintrobe anticoagulant contains 1.2 gm. of ammonium oxalate and 0.8 gm. of potassium oxalate 
100 ce. of distilled water. With 0.2 ec. of this anticoagulant the total final salt concentration is 


> me. per cc. of blood. 
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A, Bone marrow in multiple myeloma 155 and 300. 
carcinoma (from breast) 155 and 300. CC, Solitary lymph follicle 70x. 


B, Bone marrow with metastatic 
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Representative portions from some of 
the more typical sections have been in- 
cluded in the accompanying photomicro- 
The typical architecture and the 
distribution of cells and fat in a normally 


graphs. 


active marrow (Fig. 1, A) is shown in 
contrast to the relatively fatty, acellular 
marrow of hypoplastic anemia (Fig. 1, B). 
In polycythemia vera (Fig. 1, C) the com- 
plete replacement of the normal architec- 
ture by an overabundance of cells of the 
granulocytic and erythroid series, the ab- 
sence of fat cells and the marked increase 
in the numbers of megakaryocytes are 
characteristic. In pernicious anemia in 
relapse, the increased cellularity of the 
bone marrow, the absence of fat cells and 
the large numbers of megaloblasts are 
typical (Fig. 2, A). The appearance of 
islands of erythroblastic maturation dur- 
ing therapy is readily seen (Fig. 2, B). 
The active marrow encountered with the 
chronic hemolytic anemia shows marked 
hyperplasia (Fig. 2, C). 
In chronic lymphatic leukemia, the nor- 
mal architecture persists in the case shown, 


erythroblastic 


but the infiltration with lymphocytes is 
quite evident (Fig. 3, B). In chronic mye- 
loid leukemia, however, the normal mar- 
row is entirely replaced by large numbers 
of cells of the myeloid series and there is 
an absence of fat cells (Fig. 3, A). The 
replacement of the normal marrow by 
large numbers of blast cells in acute mye- 


loid leukemia is shown in Figure 3, C. 


We wish to acknowledge the aid and suggestions of Dr. H. T 
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The infiltration of plasma cells in the 
marrow with persistence of the normal 
architecture in a case of multiple myeloma 
is seen in Figure 4, A. Solitary lymph 
follicles (Fig. 4, C) were not uncommon and 
occurred in marrows of aplastic anemia, 
generalized tuberculosis, carcinoma and 
debility. In 1 instance a nodule of mono- 
cytes was found. 

A syncytium of metastatic tumor cells 
was found not infrequently in patients with 
malignancy (Fig. 4, B), especially in cases 
of carcinoma of the breast, bronchus or 
prostate. No patients with carcinoma of 
the thyroid or kidney were examined, but 
it is not unlikely that metastases to the 
sternal marrow could be detected in many 
of these cases. Metastatic carcinoma was 
found in the sternal marrow in 1 case when 
all the other studies, including extensive 
Roentgen ray examinations, failed to re- 
veal a suspected malignancy. More exten- 
sive study is necessary to determine the 
incidence of metastases to the sternal 
marrow and the value of this procedure in 
diagnosis and prognosis. 

Summary. A method of obtaining his- 
tologic sections of the sternal bone marrow 
from aspirated material is described. 
Histologic sections can be obtained rou- 
tinely along with smears, nucleated cell 
count and volumetric pattern by this 
method. Some typical histopathologic find- 


ings are presented. 


Institute of Pathology in preparing the photomicrographs. 
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Il. COMPARISON OF NUCLEATED CELL COUNT AND VOLUMETRIC PATTERN WITH 
HISTOLOGIC APPEARANCE 
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AND 


Rospert W. HeInte, M.D. 
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QUANTITATIVE estimation of the activity 
of the bone marrow from the nucleated 
cell count? and the volumetric pattern! 
is often unreliable. Many errors are pos- 
sible with this technique so that there is 
considerable doubt as to whether this 
method furnishes a reliable index as to 
the functional state of the bone marrow. 
It is therefore essential to compare the 
nucleated cell count, the myeloid-erythroid 


_ volume and the fat content with the histo- 


logic appearance of the marrow in a wide 
range of conditions. 


Material and Methads. The histologic 
appearance of the sternal bone marrow was 
compared with the values for the nucleated 
cell count, myeloid-erythroid volume and 
fat content in 60 patients. The material for 
histologie section, the nucleated cell count 
and the volumetric pattern were all obtained 
from the same sample of aspirated marrow 
by the technique described in the preceding 
pape r. 

With a 5 ce. syringe, 1 ec. of material was 
aspirated in each case. Small errors of dilu- 
tion were, of course, unavoidable. The 
nucleated cell count, the myeloid-erythroid 
volume and the fat content were determined 
fron: this aspirated marrow and the histo- 
logic sections were then prepared from the 
gross marrow particles remaining. The 


acti, ty of the marrow was estimated from 
Inspection of many 
seria’ sections was necessary for an accurate 
estin ate because of the variations in cellular 
and at content of different portions of the 
stern | marrow. Estimations as to the cellu- 
larity of the marrow were arrived at inde- 


the | istologie sections. 


pendently by the authors with remarkable 
agreement and with no essential difference 
of opinion. The marrows were arbitrarily 
classified as hypoplastic, normal, moder- 
ately hyperplastic and hyperplastic depend- 
ing upon the cellular density. The fat con- 
tent of the histologic sections was also 
estimated by inspection and was classified 
as normal, reduced or increased in quantity. 


Resuuts. The results are summarized 
in the accompanying tables. Twenty-nine 
cases were classified as having normal 
cellularity after study of fixed tissue sec- 
tions (Table 1) and in these the nucleated 
cell count ranged from 6300 to 247,000 cells 
per c.mm., with an average of 58,250 cells 
per c.mm. The myeloid-erythroid vol- 
umes ranged from 1 to 17%, with an aver- 
age of 5%, and the fat content ranged 
from 0.25 to 8%, with an average of 1.7%. 
The fat content in the histologic sections 
was judged to be increased in only 4 of 
these cases and normal in the remainder. 

Thirteen cases were classified as being 
hypoplastic (Table 2). The nucleated 
cell count ranged from 5000 to 59,250 cells 
per c.mm., with an average of 22,615. 
The myeloid-erythroid volume ranged 
from 0.5 to 5.5%, with an average of 
2.1%, and the fat content ranged from 
zero to 3%, with an average of 1.4%. 
Histologically, the fat content was normal 
in 3 cases, increased in 9 cases and de- 
creased in only 1 case. In the latter case 
(Case 47) the marrow was replaced to a 
large extent by metastatic carcinoma. 


he 
| 
a 
n 
id 
la, 
1d 
ils 
th 
es 
or 
ot 
ut 
he 
ny 
as 
len 
ive 
re- 
he 
nal 
in 
‘OW 
ed 
ou- 
cell 
his 
nd- 


178 


Ten cases were classified as showing 
moderate hyperplasia on histologic section 
(Table 3). In these cases the nucleated 
cell count ranged from 29,250 to 850,000 
cells per ¢.mm., 
142,175 cells The myeloid- 
erythroid volume ranged from 3.5 to 40%, 
and the fat 
content ranged from zero to 4.5%, 


with an average of 


per ¢.mm. 
with an average of 8.65%, 
with 
an average of 1%. In the histologic sec- 
the fat 
6 and normal in 4 of the cases. 


tions content was decreased in 


WEISBERGER, 


HEINLE: 


was good in the majority of cases. The 
mean values for the nucleated cell count 
and myeloid-erythroid volume in_ those 
cases with a normal histologic pattern fell 
within the range of normal values estab- 
lished by others.'* The mean values in 
the hypoplastic and hyperplastic marrows 
varied in the expected direction. 

The correlation between the nucleated 
cell counts, and myeloid-erythroid volume 
was best in those cases showing hypoplasia 
histologically and poorest in those showing 


TABLE 1.--Cases SHOWING NorMAL Activity HIsToLoGICALLy 
Volumetric pattert 
Histologic pattern 
Nucleated Myeloid 
cell erythroid Fat Fat 
N count lave content Cellularit content Clinical diagnosis 
9 37.500 3.5 0 Normal Normal Fever of unknown etiolog 
65,000 4.0 1.0 Normal Normal Carcinoma of breast, no metastases 
4 ? 500 1.0 1.0 Normal Normal Polyveythemia vera (treated 
43.750 1.0 1 Normal Normal Atvpical monocytic leukemia 
7 64,750 6.0 0.5 Normal Normal Splenic neutropenia 
- 47,000 13.0 Normal Normal Idiopathic thrombocytopenic purpur 
; 16,250 1.0 1.0 Normal Normal Multiple sclerosis 
32. 000 17.0 8.0 Normal Increased Severe pulmonary emphysema (morit 
2 60,250 14.0 1.0 Normal or sl Normal Mvecosis fungoides 
hyperplastic 
76.750 7 = 1.0 Normal Increased Scleroderma 
22 6,300 1.0 1.0 Normal Normal Carcinoma of the stomach 
2 39,500 2.25 0.25 Normal Normal Hypochromic anemia cause undetern 
0 1,000 3.5 1.0 Normal Normal Pneumonia, pneumococcal 
9,250 5.0 3.5 Normal Normal Pernicious anemia, treated 
25,000 41.0 0.5 Normal Normal Pulmonary tuberculosis 
7 67,500 5.0 0.25 Normal Normal Pulmonary fibrosis with secondar 
evthemia 
38 10,000 1.5 0 Normal Normal Mediastinal tumor 
39 21,000 1.0 1.0 Normal Increased Carcinoma of breast (male 
4 63,500 8.0 4.0 Normal Normal Carcinoma of breast, no metastases 
42 87,000 3.0 2.3 Normal Normal Carcinoma of breast, no metastases 
48 74,250 4.5 2.0 Normal Increased Normochromic normocytic anemia 
91 18,500 3.5 1.0 Normal Normal Pernicious anemia, treated 
52 79,500 5.5 0.5 Normal Normal Lymphosarcoma 
93 39,500 2.5 3.0 Normal Normal Bronchiogenic carcinoma, questional 
54 10,250 1.0 0.0 Normal Normal Pernicious anemia, treated 
7 28,000 5.0 1.0 Normal Normal Pernicious anemia, treated 
58 17,500 3.0 1.5 Normal Normal Metastatic carcinoma, primary unk! 
39 37 000 4.0 2.0 Normal Normal Carcinoma of the stomach 
0 52,000 8.0 7.0 Normal Normal Melanoblastoma 


Kight cases were classified as showing 
marked hyperplasia histologically (Table 
+). In these the nucleated cell count 
ranged from 12,500 to 480,000 cells per 
c.mm., with an average of 185,720 cells 
per ¢.mm., and the myeloid-erythroid vol- 
ume ranged from 2 to 44%, 
17.8%. The 
zero in all 


with an 
volumetric fat 
cases except 2, 
in which it was 0.5% and 1 % respectively. 


average of 
content was 
Histologically fat was either completely 
absent or markedly decreased in these 
Cases. 

Comment. The correlation between the 
nucleated cell count, the myeloid-eryth- 
roid volume and the histologic appearance 


hyperplasia, especially in cases of perni- 
cious anemia in relapse. In many cases, 
either the nucleated cell counts, the mye- 
loid-erythroid volume or both determina- 
tions did not correlate with the functional 
state found on histologie section. Of the 
29 cases having a normally active marrow, 
3 had nucleated cell counts which were 
greater than the mean by 40,000 or over 
and a myeloid-erythroid volume wiiich 
was more than 4% greater than the mean. 
Six had counts which were less than the 
mean by 10,000 or more and 5 of tliese 
had a myeloid-erythroid volume which 
was less than the mean by 4% or more. 
Seven of the 10 cases classified as being 
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1e 
TaBLe 2.—Cases SHowinGc Hypopiastic MArrows HISTOLOGICALLY 
nt olumetric pattern 
se Histologic pattern 
Nucle: ated Myeloid- 
ell Case cell erythroid Fat ‘ Fat 
No. count layer content Cellularity content Clinical diagnosis 
+D- l 13,000 1.0 1.5 Hypoplastic Increased Aplastic anemia due to tridione 
in 6 38,500 2.0 1.5 Hypoplastic Normal Idiopathic thrombocytopenic purpura 
10 37,500 3.0 2.5 Hy poplastic Increased No diagnosis 
Ws 21 5,000 0.5 3.0 Hypoplastic Mark. increased Aplastic anemia 
24 14,000 3.0 1.0 Hypoplastic Increased Carcinoma of small intestine with 
metastasis : 
28 59,250 5.5 2.0 Hypoplastic Increased Pulmonary tuberculosis 
e¢ 32 22,750 2.0 1.0 Hypoplastic Mark. increased No diagnosis 
33 17,250 2.0 2.0 Hypoplastic Increased Questionable brucellosis 
34 16,250 1.0 0.0 Hypoplastic Normal Miliary tuberculosis 
sia 40 22,500 2.0 3.0 Hypoplastic Increased Carcinoma of breast with metastases 
iiss to sternal marrow 
ng 44 15,000 1.0 0.0 Hypoplastic Increased Lymphosarcoma , 
47 8,000 2.0 0.0 Aplastic Decreased Carcinoma of prostate with metasta- 
. sis to sternal marrow 
49 25,000 2.0 1.0 Hypoplastic Normal Possible thyroiditis 
TaBLe 3.—Cases Moperate Hyperpiasia 
V olume tric pattern 
Histologic pe attern 
Nucle ated Myeloid- — -- 
Case cell erythroid Fat F at 
No. count layer content Cellularity content Clinical diagnosis 
18 121,000 5.0 0.0 Mod. hyperplasia Decreased Chronic hemolytic anemia 
19 125,000 4.0 1.0 Mod. hyperplasia Normal Chronic lymphatic leukemia 
20 850,000 46.0 4.5 Mod. hyperplasia Normal Acute myeloid leukemia 
23 51,750 2.0 1.0 Mod. hyperplasia Normal Gastro-intestinal malignancy 
25 29,250 4.0 0.5 Mod. hyperplasia Decreased Pernicious anemia, mild untreated 
27 62,000 6.0 0.5 Mod. hyperplasia Decreased Micro-wrophilic streptococcus in- 
fection; possible lupus erythe- 
7 matosus disseminatus 
29 42,000 6.0 2.0 Mod. hyperplasia Normal Multiple myeloma 
36 49,500 5.0 0.25 Mod. hyperplasia Decreased Pernicious anemia, mild relapse 
45 38,750 3.5 0.5 Mod. hyperplasia Decreased Fever of unknown etiology 
55 52,500 5.0 0.0 Mod. hyperplasia Decreased Hodgkin's disease 
TaBLe 4.—Cases SHowinc Markep Hyperpiasta HISTOLOGICALLY 
Volumetric pattern 
Nucleated Myeloid- — 
Case cell erythroid Fat Fat 
No. count layer content Cellularity content Clinical diagnosis 
14 34,750 4.0 0.0 Mark. hyperplasia Decreased* Pernicious anemia, severe relapse 
15 44,250 4.0 0.0 Mark. hyperplasia Absent Pernicious anemia, Case 14, during 
therapy 
16 365,000 28.0 0.0 Mark. hyperplasia Absent Chronic myeloid leukemia 
17 480,000 40.0 0.0 Mark. hyperplasia Absent Chronic myeloid leukemia 
43 312,000 44.0 0.0 Mark. hyperplasia Absent Polycythemia vera ; 
46 214,000 16.5 0.5 Mark. hyperplasia Decreased Idiopathic thrombocytopenic purpura 
, 50 12,500 2.0 0.0 Mark. hyperplasia Absent Pernicious anemia, severe relapse 
rml- 6 23,250 4.0 1.0 Mark. hyperplasia Decreased Pernicious anemia, severe relapse 
* Markedly. 
nve- 
TaBLeE 5.—SuMMARY OF 
aaa Nucleated cell count Volumetric fat 
No Arithmetic — 
the cases Range mean oi om? “Resse Me: an a om? Range Mean 
Normal Marrows 
‘ 29 6,300-247 ,000 58,250 50,600 9,390 1.0-17.0 5.0 3.89 0.72 0.25-8.0 1.7 
ere 
Hypoplastic Marrows 
ver 13 5,000-— 59,250 22,615 14,800 4,106 0.5- 5.5 2.1 1.27 0.35 0.0 -3.0 1.4 
ich 
Moderately Hyperplastic Marrows 
an 10 29,250-850,000 142,175 250,900 79,300 3.5-46.0 8.65 13.2 4.17 0.0-4.5 1.0 
the Hyperplastic Marrows 
est 8 12,500-480,000 185,720 183,100 64,800 2.0-44.0 17.8 17.3 6.13 0.0 -1.0 0.2 
ich > (Deviation from mean)? 
~ a Theoretical population variate = (Number of values — 1) 
ing 
om’? = Standard error of mean = “of 
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moderately hyperplastic had nucleated 
cell counts which were less than the mean 
by 40,000 or more and of these, 5 cases 
had a myeloid-erythroid volume which 
was less than the mean by 4% or more. 
This discrepancy is more apparent than 
real because the abnormally high values 
in Case 20 affected the mean unduly in 
In the 
group of marrows classified as markedly 
hyperactive, 4 of the 8 cases had nu- 
cleated cell counts and myeloid-erythroid 
volumes which were much lower than the 
mean. In the hypoplastic marrows, how- 
ever, no great discrepancies were en- 
countered. 


such a small number of cases. 


While the mean values for the nucleated 
cell count and myeloid-erythroid volume 
were representative of the activity of the 
marrow, the variations in many individual 
cases were so great that the functional 
state of the marrow could not be ascer- 
tained with certainty from these examina- 
tions alone. Study of histologic sections 
of the bone marrow is therefore necessary 
for accurate evaluation of activity. 


The manner in which the marrow sepa- 
rates when suction is applied to the 
aspirating needle probably determines the 
accuracy with which cell count and volu- 
metric pattern determinations reflect the 


state of the marrow. If only a few 
particles separate, or if most of the cells 
remain in compact or cohesive particles 
rather than free in the aspirated material, 
it is obvious that the cell count and 
myeloid-erythroid content as determined 
by centrifugation will be erroneously low. 
The fact that average values for cell count 
and myeloid-erythroid content compared 
so well with histologic sections must indi- 
cate that in most cases enough cells are 
free or present in sufficiently small parti- 
cles that they are included in the cell 
count and centrifuged specimen. In mar- 
rows which for some reason 
cohesive and resist separation 
vidual cells or small particles, it can be 
expected that the cell count and volu- 
metric pattern will be erroneously low 
and will not correlate with the actual 


are more 
into indi- 


WEISBERGER, 


HEINLE: 


state of the marrow as depicted in tissue 
sections. 

Dilution with peripheral blood, the 
relative proportion of cells lying free in 
the sinusoids as opposed to the number 
fixed in the marrow, as well as the readi- 
ness with which cells are detached from 
the marrow may also affect the nucleated 
cell count directly and the myeloid-eryth- 
roid volume indirectly. In 1 case (Case 11, 
Table 1), pooling of blood was thought 
to be a factor in producing abnormally 
high values inasmuch as the patient was 
in shock and moribund. 

The most striking lack of correlation 
occurred in patients with pernicious ane- 
mia in relapse in whom megaloblastic 
hyperplasia of the marrow was present 
(Tables 3 and 4). Study of fixed tissue 
sections from these cases revealed marked 
increase in cellularity with a large num- 
ber of megaloblasts and reduction in the 
amount of fat as would be expected. 
Volumetric and nucleated cell 
counts were within normal or less than 
normal range, however, giving an entirely 
erroneous picture. 


studies 


Peabody* has com- 
mented on the possibility of megaloblasts 
being adherent to each other and it seems 
likely that the marrow in these cases is 
dense enough to resist withdrawal through 
the aspirating needle and thus give erro- 
neously low volumetric and cell count 
values. 

The excellent correlation in hypoplastic 
marrows may be explained by assuming 
that the inactive marrow yields so few 
cells that even though factors tending to 
raise the nucleated cell count operate, the 
values always remain low. 

Correlation between the volumetric fat 
content and the amount present on histo- 
logic section appeared to be completely 
lacking with the exception of the markedly 
hyperplastic marrows in which fat was 
absent volumetrically and _ histologically. 
Fat droplets were frequently seen floating 
free in the aspirated marrow and the 
amount present probably depended upon 
the readiness with which it separated 
from the surrounding tissue. 
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TISSUE OF STERNAL BONE MARROW 


Summary and Conclusions. The values 
for the nucleated cell count, myeloid- 
erythroid volume and fat content obtained 
from 1 ce. of aspirated sternal bone mar- 
row were compared with the functional 
state of the marrow as estimated from 
histologic sections in 60 cases. The cor- 
relation between the mean values and the 
marrow activity was good in the majority 
of cases, especially in hypoplastic mar- 
rows. However, in many cases the nucle- 
ated cell count or the myeloid-erythroid 
volume deviated from the mean by an 
appreciable amount. This discrepancy 
was most marked in marrows from pa- 
tients with pernicious anemia in relapse 
in whom megaloblastic hyperplasia was 
present. Although the mean values for 
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the nucleated cell count and myeloid- 
erythroid volume are representative of the 
activity of the bone marrow in a group of 
cases, the individual values may vary so 
greatly that the functional state of the 
marrow cannot be assayed with certainty 
from these findings in any one case. Study 
of histologic sections is therefore necessary 
for accurate evaluation of the bone mar- 
row activity in individual cases. There 
appeared to be no correlation between the 
volumetric fat content and the amount of 
fat present in the histologic sections of 
the marrow with the exception of the 
hyperplastic marrows, in which fat was 
markedly reduced or absent. Some of the 
factors which may have accounted for the 
lack of correlation were discussed. 


We wish to thank Dr. Thomas G. Bidder for doing the statistical calculations. 
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PHYSIOLOGIC AND PATHOLOGIC STATES* 
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RECENT investigations have shown that 
pyruvic acid and lactic acid accumulate 
in the blood and tissues when carbohy- 
drate is being metabolized at an increased 
rate, in anoxia and following exercise.‘ 
Lactic acid, an intermediate product in 
the metabolism of carbohydrate, is pro- 
duced in large amounts under anaérobic 
conditions. Further breakdown leads to 
the formation of pyruvic acid, which 
requires diphosphothiamine and oxygen 
for utilization. In thiamine deficiency, 
pyruvic acid accumulates in the blood and 
tissues and there is a change in the quan- 
titative relationship of lactic to pyruvic 
acid. Stotz and Bessey® found that the 
blood lactate-pyruvate ratio was rela- 
tively constant in normal animals but 
was reduced in experimental thiamine 
deficiency. Keys and co-workers® report- 
ed a change in the relationship of lactic 
to pyruvic acid in the blood in men on 
a restricted intake of the B vitamins. 
Friedemann* suggested that the blood 
lactate-pyruvate relationship may reflect 
the relative oxidative conditions of the 
body. Horwitt et al.” have pointed out 
the influence of environmental and other 
factors on the levels of lactic and pyruvic 
acids in the blood. 

This investigation was undertaken to 
study further the effect of certain physio- 
logic changes on the concentrations and 
relationship of lactic and pyruvic acids in 
the blood in normal persons and in pa- 
tients with various pathologic states and 
to ascertain whether determination of the 


lactate-pyruvate ratio might assist in the 
detection of human thiamine deficiency. 


Methods. The subjects of this study were 
29 presumably normal persons (physicians, 
technicians and medical students) and 
41 patients who were being treated for 
various diseases in the medical clinics of 
Tulane University or in the medical wards 
of Charity Hospital in New Orleans. Lactic 
and pyruvic acids in the blood were deter- 
mined during fasting, after meals, after the 
administration of glucose, during rest, fol- 
lowing light and strenuous exercise and, in 
a few instances, following electric shock 
therapy. Glucose was given orally (100 gm.) 
or intravenously (50 gm.), following which 
blood was collected at intervals for 2 to 
3 hours. Light exercise consisted in carrying 
on routine work in the laboratory or hospital, 
strenuous exercise in running down and up 
3 flights of stairs as rapidly as possible. 
Blood was collected within 5 to 15 minutes 
after strenuous exercise or electric shock 
therapy. 

Pyruvic acid was determined by the 
method of Bueding and Wortis.2 While 
keto-acids other than pyruvic contribute to 
the findings with this procedure, the desig- 
nation ‘pyruvic acid”’ will be used through- 
out this paper. The method of Barker and 
Summerson! was used in determining lactic 
acid. 

Approximately 6 cc. of blood was collected 
from an arm vein with a syringe, care being 
used to avoid stasis. Three cc. was imme- 
diately placed in each of 2 bottles, 1 con- 
taining potassium oxalate, the other potas- 
sium oxalate and sodium _ iodoacetate. 
From each bottle 2 cc. was transferred with 
a pipette to a flask containing 10% trichlor- 


* Aided by grants from the Williams-Waterman Fund, the Helis Institute for Medical Research 


and the United States Public Health Service. 
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acetic acid. These manipulations were car- 
ried out at the side of the patient and only 
a few minutes were required for precipita- 
tion of the blood. All equipment was kept 
in a refrigerator prior to use. Sodium iodo- 
acetate was added to the anticoagulant in 
the determination of pyruvie acid, since it 
retards the breakdown on this substance, 
but was omitted from the determination of 
lactic acid due to interference in this pro- 
cedure. 


Finpincs Normau Persons. The 
levels of pyruvie and lactie acids in the 
blood and the lactate-pyruvate ratios 
which were found in normal persons under 
conditions of rest, exercise and alimenta- 


tion are given in Table 1. In the basal 


1. 


engaged and the time which had elapsed 
since breakfast. The concentrations of 
lactic and pyruvic acids may not return 
to the fasting level, for 3 or more hours 
after a meal, 

Following the administration of glucose 
there was an increase in both pyruvic 
and lactic acids in 9 of 10 subjects. The 
maximum rise was observed” after an 
interval of 30 to 60 minutes in 6 instances 
and after 90 to 120 minutes in 3. The 
concentrations of these metabolites re- 
turned to the level observed during fasting 
at the end of 2 to 3 hours. The lactate- 
pyruvate ratio was essentially the same 
as that found in the basal state. 

Following a brief -period of strenuous 


Bioop Pyruvic anp Lactic AcIDS AND THE LACTATE-PyRUVATE RATIO IN 


NorMAL SUBJECTS 


No. 
Test conditions subjects 

Fasting, light exercise 8 
After breakfast, light exercise ; 
After glucose (4 to 1 hr.) 11 
After glucose (14 to 2 hrs.) 9 
After strenuous exercise 29 
After electric shock 9 


state the mean findings in 21 persons were 
pyruvic acid 1 mg. per 100 cc., lactic acid 
9.3 mg. per 100 cc., and a lactate-pyruvate 
ratio of 9.3, with a standard deviation of 
+1.7. In 1 person the level of pyruvic 
acid was 1.3 mg. which is considered to 
be the upper limit of normal and the lac- 
tate-pyruvate ratio was found to be 5.1. 
In all other persons examined, ratios of 
more than 7.3 were obtained. 

After light exercise in the fasting state, 
the findings were similar to those obtained 
at rest, although the mean concentration 
of lactic acid was slightly increased. After 
light exercise taken 2 or 3 hours after 
breakfast there was again an increase in 
blood lactic acid while pyruvie acid was 
unchanged. There was consequently a 
slight rise in the lactate-pyruvate ratio. 
The increase in the variability of findings 
and the slightly elevated ratio were prob- 
ably due to 2 factors: the amount of 
physical activity in which the subject had 


Pyruvie acid Lactic acid 

(mg. per (mg. per Lactate-pyruvate ratio 
100 ec.) 100 cc.) 
(mean) (mean) Mean o 
1.00 9.3 93 +1.7 
1.09 10.1 9 3 +2.3 
1 06 10 5 10 0 +3 4 
1.40 13.0 9.3 +2.1 
1.32 12.2 9 3 +1.5 
1.96 35.0 18 3 
2.96 49 6 18.0 +5 8 


exercise there was a moderate increase in 
pyruvic acid and a marked increase in 
lactic acid in all instances. The greatest 
increase in lactic and pyruvie acids and 
in the lactate-pyruvate ratio occurred 5 
to 15 minutes after exercise. Following 
this there was a gradual decline, but values 
were still high at the end of 30 minutes. 

After electric shock therapy in which 
convulsive seizures were produced lactic 
and pyruvic acids in the blood increased 
to an extent greater than that observed 
after strenuous exercise but the mean 
lactate-pyruvate ratio was essentially the 
same. ‘Two factors appear to be responsi- 
ble for the rise in lactic and pyruvic acids 
under these circumstances: anoxia and 
muscular activity. In a few patients elec- 
tric shock failed to induce a convulsive 
seizure. In these instances there was rise 
in both lactic and pyruvic acids, but the 
increase was less marked than when mus- 
cular contractions occurred. 
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The above findings are similar to those 
reported by other investigators. Bueding, 
Wortis and Stern’ found an average concen- 
tration of pyruvic acid of 0.98 mg. per 
100 ce. in 60 adults examined under basal 
conditions. Friedemann‘ tested subjects 
at rest 3 to 5 hours after a meal and 
reported a mean concentration of pyruvic 
acid of 0.77 mg., of lactic acid 8.5 mg. 
and a lactate-pyruvate ratio of 11.3. 
Pyruvic acid was determined without the 
use of iodoacetate, which may account 
for the lower values obtained for this 
metabolite. 

The increase in concentration of both 
pyruvic acid and lactic acid after the ad- 
ministration of glucose, following strenu- 
ous exercise and subsequent to electric 
shock therapy, are corroborative of the 
findings of Friedemann et al.* who con- 
cluded that food, exercise and anoxia were 
the most important factors influencing the 
concentration of lactic and pyruvic acids 
in the blood in normal persons. 

In view of the marked effect of exercise 
on lactic acid values, test conditions should 
be rigidly standardized if the lactate- 
pyruvate ratio is to be used in studying 
fundamental oxidative changes in the 
body. Findings similar to the basal state 
may be obtained 3 or more hours following 
a meal and after a rest period of 30 minutes 
or more, the time depending on the sever- 
ity of the previous exercise. 

In experiments on rats, pigeons and 
man, Stotz and Bessey® concluded that 
the lactate-pyruvate ratio is relatively 
constant in normal animals and can be 
expressed graphically or by formula. 
Friedemann‘ questioned the constancy of 
this relationship. The lactate-pyruvate 
ratios which we obtained in normal per- 
sons under various physiologic conditions 
are illustrated in Figure 1. A relatively 
constant relationship is observed in the 
basal state and there is little change after 
mild exertion, a meal, or the administra- 
tion of glucose. Strenuous exercise and 
electric shock therapy produce a shift in 
the ratio and wider variation in values 
but the points still fall essentially along 
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a straight line. These observations con- 
firm in principle the observations of Stotz 
and Bessey, although the mathematical 
relationships are somewhat different. 
Stotz and Bessey® suggested expressing 
the lactate-pyruvate relationship in terms 
of pyruvic acid values so that a single 
figure might indicate the degree of dis- 
turbance of pyruvate metabolism. For- 
mulz for calculating the expected level of 
pyruvic acid, from the valve of lactic acid 
found by analysis, are included in Figure 1. 
For example, in the basal state, pyruvic 
Lactic acid — 1.08 
8.17 
Pyruvate excess is determined by sub- 
tracting the pyruvic acid calculated from 
the pyruvic acid found by chemical anal- 


acid (calculated) = 


ysis. In normal pigeons Stotz and Bessey® 
found that values for pyruvic acid (PA) 
excess varied from -—0.27 to +0.29 mg. 
per 100 ce. 
large increase in PA excess values was 


On a thiamine-free diet a 


observed. Determination of PA excess 
was useful in detecting mild degrees of 
chronic thiamine deficiency. 

Values for PA excess for the normal 
persons in this study ranged from —0.53 
to +0.59 mg. per 100 cc. in the basal 
state. In only 1 instance, however, was 
an excess of more than 0.3 mg. observed. 
Following either light or strenuous exer- 
cise approximately one-fourth of the sub- 
jects were found to have values for PA 
excess which were greater than 0.3 mg. 
Such values may indicate a disturbance 
of metabolism due to thiamine deficiency 
or may merely reflect variation in the 
normal response to exercise dependent on 
training and physical fitness. Friede- 
mann‘ found a greater rise in pyruvic 
acid after stair climbing in women whose 
diets were low in thiamine than in persons 
whose diets were adequate. Keys® ob- 
served a similar increase in pyruvic acid 
following exercise in men on diets low in 
the B group of vitamins. An exercise test 
may be useful in detecting mild degrees 
of thiamine deficiency, but further investi- 
gation is needed, using a standardized 
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procedure, before a definite conclusion can 
be reached. 

Finpines In Patrents Various 
Diseases. Lactic and pyruvic acids were 
measured in the blood of 41 patients with 
various diseases. Table 2 gives the find- 
ings obtained under basal conditions and 
includes those of normal subjects for 
comparison. In patients with a deficiency 
of thiamine, or of riboflavin or niacin, 
mean pyruvic acid was elevated above 
the normal and there was a decrease in 
the mean lactate-pyruvate ratio. In pa- 
tients with heart disease mean pyruvic 
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acid was slightly increased and mean lac- 
tic acid decreased with resultant lowering 
of the ratio of these metabolites. 

In 19 patients with various afebrile 
conditions the mean lactate-pyruvate ratio 
was essentially normal. Of this group of 
patients there were 3 in whom pyruvic 
acid was greater than 1.3 mg. per 100 cc. 
In 2 of these, however, the lactate-py- 
ruvate ratio was normal. In the third the 
ratio was low (less than 7) and pyruvate 
excess was greater than 0.3 mg. In this 
patient, who had a contact dermatitis, 
the diet had apparently been adequate 
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Fic. 1. The lactate-pyruvate relationship in normal persons—at rest, after eating and after 
exercise. 


THe RELATIONSHIP oF PyrRuUvic AND Lactic AcIDS IN THE BLOOD IN THE BASAL 


SraTe In NorRMAL SUBJECTS AND IN PaTIENTS WITH VARIOUS DISEASES 


TaBLe 2. 
No. 
Diagnosis subjects 

Normal . ‘ : 21 
Thiamine deficiency 6 
Riboflavin and niacin deficiency 7 
Heart disease 9 


Pyruvie acid Lactie acid Lactate-pyruvate 


(mg. per 100 cc.) (mg. per 100 cc.) ratio 
1.00 9.3 9.3 
1.34 9.2 6.9 
1.26 10.0 7.9 
1.16 8.6 7.8 
1.06 10.0 9.7 
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and there was no clinical evidence of 
deficiency disease. One patient in whom 
the diagnosis of peptic ulcer was made, had 
a normal lactate-pyruvate ratio during 
fasting and a low ratio after the adminis- 
tration of glucose. The diet of this patient 
had been somewhat low in vitamins of the 
B complex. 

Individual findings in the 6 patients 
who had clinical evidence of thiamine 
deficiency are shown in Table 3. Three 
patients had an increase in pyruvic acid 
above 1.3 mg. In all patients the lactate- 
pyruvate ratio was somewhat low and in 
3 instances it was less than 7. Pyruvate 
excess was greater than 0.3 mg. in 4 pa- 
tients. Glucose was administered to 3 
patients (Cases 1 to 3) and in each instance 
the lactate-pyruvate ratio and pyruvate 
excess was similar to that of the basal 
state. The diet of each of the 7 patients 
with thiamine deficiency had been low in 
all of the B vitamins, although in 1 in- 
stance (Case 2) there had been recent 
improvement in the food intake. This 
may account for the relatively normal 


TaBLe 3.—TuHeE RELATIONSHIP oF Lactic ACID 
Wirn THIAMINE 


‘“ATE-PYRUVATE RELATIONSHIP 


biochemical findings although peripheral 
neuritis was still present. 

One patient (Case 1) was especially 
interesting in that 53 weeks prior to 
examination she had delivered a child who 
was diagnosed as having congenital beri- 
beri.!° Her diet during the last 3 months 
of pregnancy had been limited to fruit, 
bread and 1 cup of milk daily. She re- 
sumed her normal diet for 3 weeks follow- 
ing delivery and then returned to the 
deficient diet. Signs of mild thiamine 
deficiency were still present at the time 
of biochemical testing but were less severe 
than at the termination of pregnancy. 

This patient (Case 1) and another 
(Case 5) were retested after thiamine had 
been administered for 14 and 7 days 
respectively. Clinical improvement had 
occurred and there was a marked change 
in biochemical findings in both patients 
(Table 4). 

In the 7 patients with niacin and/or 
riboflavin deficiency (Table 5) pyruvic 
acid was elevated in 3, the lactate-pyru- 


vate ratio was below 7 in 2, and pyruvate 


AND Pyruvic AcID IN THE BLOOD IN PATIENTS 
DEFICIENCY 


Pyruvic acid Lactic acid Lactate- Pyruvate excess 
Case mg. per mg. per pyruvate (mg. per 
No. Clinical findings 100 ec.) 100 cc.) ratio 100 ec.) 
1 Neuritis-edema-dyspnea 1.16 8.0 6.9 +0.32 
2 Neuritis-cirrhosis of liver 0.90 6.9 Pe +0.18 
3 Mild neuritis 7.1 5.9 +0 .47 
4 Mild neuritis 1.81 11.2 6.2 +057 
7) Neuritis-hepatitis, cerebral symptoms 2.15 16.0 7.4 +0.39 
6 Mild neuritis 0.81 6.2 7.6 +0.19 
Mean 1.34 9.2 6.9 +0 35 

TABLE 4.—Errect oF THIAMINE ADMINISTRATION ON BLoop Pyruvic AND Lactic ACIDS AND 


ON THE LACTATE 


Amt. Bi 
Time daily 
Diagnosis (days) (mg.) 
0 0 
Thiamine deficiency 14 60 
0 
Thiamine deficiency 7 30 
0 
Hyperthyroidism, niacin } 
and riboflavin deficiency 
2 50 
0 0 
rieart disease 
14 30 
f 0 


Heart disease 


-PYRUVATE RatTIo 


Pyruvic Lactic Pyruvate 
acid acid Lactate- excess 
(mg. per (mg. per pyruvate (mg. per 
100 ec.) 100 ec.) ratio 100 ex 
1.16 8.0 6.9 +0 .32 
0.52 5.2 10.1 +0.0! 
3.15 16.0 7.4 +0 39 
1.08 7.8 ts +0 25 
1.45 9.0 6.2 +0 48 
1.96 14.2 7.2 +0 42 
1.03 8.8 6 +0 05 
1.08 7.4 6.8 +0 31 
1.03 9.1 8.8 +0.05 
1.35 10.1 7.4 +0.25 
1 ) 2.2 5 —Q 2 
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excess measured 0.3 mg. or more in 3 in- 
stances. This is not an unexpected find- 
ing, since deficiency of any one of the 
B vitamins is usually associated with a 
deficiency of other members of the group. 
The diet of each of these subjects had 
been somewhat low in thiamine as well 
as in riboflavin and niacin. One patient, 
Case 2, had hyperthyroidism as an addi- 
tional etiologic factor in the production 
of a deficiency state. She was treated 
with a large amount of thiamine as shown 
in Table 4 (Case 3) and within 2 days 
pyruvic acid and the lactate-pyruvate 
ratio had returned to normal. 


BLOOD LACTATE-PYRUVATE 


RELATIONSHIP 187 
in whom thiamine excretion was low, 
there was an excess of pyruvate in the 
blood. 

The relationship of pyruvic and lactic 
acids in the blood in 9 patients with heart 
disease is shown in Table 6. Pyruvic acid 
was elevated in 3 subjects, while the lac- 
tate-pyruvate ratio was below 7 and py- 
ruvate excess was greater than 0.3 mg. 
in 4. Glucose was given to 4 patients and 
corroborated the findings obtained during 
fasting. ‘The abnormalities of pyruvate 
metabolism did not appear to be related 
to the presence of heart failure or to its 
severity. These findings differ from those 


TasLe 5.—TuHe RELATIONSHIP oF Lactic AcID AND Pyruvic AciID IN THE BLoopD IN PATIENTS 
RIBOFLAVIN AND NIACIN DEFICIENCY 

Pyruvate 

Pyruviec acid Lactic acid Lactate- excess 

Case (mg. per (mg. per pyruvate (mg. per 
No. Clinical findings 100 cc.) 100 cc.) ratio 100 ec.) 
l Glossitis-cheilosis 1.03 3.8 3.7 +0.70 
2 Glossitis-cheilosis 1.45 9.0 6.2 +0.48 
3 Glossitis 1.43 7.9 +0.23 
4 Glossitis-cheilosis 1.26 12.4 9.8 —0.13 
5 Mild glossitis 1.09 12.7 11.6 —0 28 
6 Cheilosis 1.38 12.4 9.0 +0 05 
7 Glossitis 1.16 8.5 7.3 +0 30 
Mean 1.26 10.0 7.9 +0.19 

TaBLE 6.—THE RELATIONSHIP oF Pyruvic Acip AND Lactic AcID IN THE BLOooD IN PATIENTS 
Heart Disease 
Subject Heart Pyruvie acid Lactic acid Lactate-pyruvate Pyruviec acid excess 

No. failure (mg. per 100 ce.) (mg. per 100 cc.) ratio (mg. per 100 cc.) 

l ~ 1.72 4.6 2.7 +1.29 

2 + 1.35 10.0 7.4 +0.25 

3 -- 1.08 7.4 6.8 +0 31 

4 1.10 6.8 6.2 +0. 39 

5 — 0.73 7.3 10.0 —0 03 

6 + 1.08 10 7 9.9 —0 05 

7 _ 0 94 11.8 12.5 —0 37 

1.36 9.2 6.8 +0 37 

9 + 1.12 9.1 8.1 +0.14 

Mean 1.16 8.6 7.8 +0 26 


The urinary excretion of thiamine was 
determined in 9 of the 13 patients with 
evidence of deficiency of one or more of 
the B vitamins. In the patients with 
signs of thiamine deficiency, a low ‘excre- 
tion was found in 3 (Cases 1, 5 and 6), 
a normal output in 1 (Case 4). In 5 pa- 
tients with niacin and riboflavin defi- 
ciency the excretion of thiamine was low 
in 2 instances (Cases 2 and 5), normal in 
3 (Cases 3,6and7). In 4 of the 5 patients 


of Yanof," who reported a rise above 
normal of pyruvic acid in the blood of 
patients with heart failure, the elevation 
approximating the degree of failure. Lac- 
tic acid was not determined in his study. 

Two patients with heart disease (Cases 
1 and 3) had signs of a mild peripheral 
neuritis suggestive of thiamine deficiency. 
The diet had been poor in both subjects 
but particularly so in Subject 1. In 
3 other patients (Cases 7, 8 and 9) the 
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dietary history indicated an inadequate 
intake of foods containing vitamins of 
the B complex. In the remaining patients 
the diets could be classified as fair. In 
our experience, heart disease with failure 
is one of the commonest precipitating 
causes of deficiency disease. Anorexia 
and poor absorption and utilization of 
nutrients are probably responsible for this. 
Two patients with heart disease, in 
whom the lactate-pyruvate ratio was low, 
were treated with thiamine and retested 
after 2 weeks (Table 4). A definite in- 
crease in the ratio and a decrease in py- 
ruvate excess followed therapy. Two other 
patients were tested for the first time after 
thiamine had been prescribed for several 
The ratios were found to be 8.6 
(normal) and 14.7 (slightly elevated). 
These data suggest that the low lactate- 
pyruvate ratio found in 4 of 9 patients 
with heart disease was due to a deficiency 
of thiamine. 


days. 


This deficiency may have 
been primarily of dietary origin or may 
have been a relative deficiency resulting 
from metabolic changes of anoxia asso- 
ciated with heart disease. In anoxia, 
lactic acid is usually increased to a greater 
extent than is pyruvic acid. However, a 
dephosphorylation of cocarboxylase and 
a decrease in other enzyme systems have 
been shown to occur in anoxic states.® 
Govern, Greer and Greig®* have found that 
the administration of thiamine leads to a 
reduction of pyruvic acid in experimental 
shock and anoxia. Whether these findings 
are of importance in the production of 
thiamine deficiency in heart disease, or in 
the lactate-pyruvate ratio which was ob- 
served in this condition, is unknown. 

In this study a dietary deficiency of 
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thiamine appears to be a reasonable ex- 
planation of the findings. If this conclu- 
sion can be substantiated in a larger group 
of patients, determination of the lactate- 
pyruvate ratio should be a useful procedure 
in the diagnosis of beriberi heart disease 
or of thiamine deficiency in association 
with heart disease of varied etiology. 
Summary. 
acid to pyruvic acid in the blood was 


The relationship of lactic 


studied in 29 normal persons and in 41 
In normal 
persons the lactate-pyruvate relationship 


patients with various diseases. 


-an be expressed graphically or by formula 
Under 


basal conditions a mean ratio of 9.3 was 


for a given physiologic state. 


obtained. This ratio was essentially un- 
changed following the administration of 
glucose. Exercise produced an increase 
in the ratio the extent being dependent 
upon the degree of physical activity. 

In patients with clinical evidence of 
deficiency of thiamine the lactate-pyruvate 
ratio was decreased. 
observed in approximately half of the 
patients with riboflavin and niacin defici- 
ency and of the patients with heart disease. 
Following the administration of thiamine 
the ratio returned to normal. In a group 
of miscellaneous afebrile conditions the 
lactate-pyruvate ratio was essentially nor- 
mal. Thiamine deficiency is suggested b) 
a lactate-pyruvate ratio of less than 7, or 
by an excess of blood pyruvate of more 
than 0.3 mg. per 100 cc. above the value 
calculated from the normal ratio at the 
lactic acid level found. 

Determination of the relationship of 
lactic and pyruvic acids in the blood ma) 
be of assistance in evaluating thiamine 
nutrition in complicated pathologic states 


A low ratio was also 
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PERIPHERAL VENOUS PRESSURES AND PULMONARY TUBERCULOSIS 


THE RELATIONSHIPS OF PERIPHERAL VENOUS PRESSURES TO 
PULMONARY TUBERCULOSIS 
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AND 
Martin M. ALExAnDER, M.D. 


FORMER RESIDENT 
DENVER, COLORADO 


(From the National Jewish Hospital, Dr. Allan Hurst, Medical Director, and the University of 
Colorado Medical Center) 


INVESTIGATION of the peripheral venous 
pressures in patients with pulmonary 
tuberculosis was begun at this hospital 
without any attempt to select cases. 
Gradually, however, a precise field of clini- 
cal usefulness for the test became evident. 
In the course of this work, determinations 
on several patients under unusual condi- 
tions yielded results of special significance, 
and these will be reported below. 

Deviations of venous pressure from the 
normal as a result of collapse therapy 
have been observed by numerous investi- 
gators. One would anticipate such devia- 
tions from the fact that intrathoracic pres- 
sure influences the filling of the right 
auricle and hence affects the peripheral 
venous pressure.? That this cannot be 
the only mechanism operative in these 
cases has been shown by investigators 
who have made bilateral venous pressure 
determinations and observed abnormal 
readings on 1 side only.!®? In practice, 
the changes are by no means constantly 
present, but the anatomic and physiologic 
mechanisms involved are of interest. 

Venous PressurEs IN CaAsEs oF THO- 
RACOPLASTY. Overholt and Pilcher” found 
a correlation between unilateral elevation 
of venous pressure following thoracoplasty 
and poor toleration of the collapse pro- 
cedure, as manifested by dyspnea, cyan- 
osis, rapid pulse, and in some cases para- 
doxical movements of the chest wall. 
They attached prognostic significance to 
such elevations and waited until the ven- 
ous pressure fell to normal before pro- 
ceeding with the operation. Coryllos and 


Stanford? found a postoperative rise on 
the side of the operation in about two- 
thirds of 34 patients, which they attrib- 
uted to dropping of the axillary vein with 
local obstruction (of no prognostic signifi- 
cance). Hurst and Brand" arrived at 
similar conclusions. Feinsilver* found no 
significant difference between the preop- 
erative and postoperative levels of venous 
pressure in 14 cases of thoracoplasty. He 
believed the postoperative rise observed 
by Overholt and Pilcher to be a temporary 
phenomenon which disappears by the 3rd 
month. In any case, Overholt and Pilcher 
concluded that an elevated venous pres- 
sure indicated excessive degree of collapse 
and that there is little likelihood of dis- 
turbing a normal preoperative venous 
pressure if no more than 3 or 4 ribs are 
removed in the first stage. Since these 
limits are rarely exceeded in modern surgi- 
cal practice, the postoperative unilateral 
rise in venous pressure is probably largely 
of historical interest. 

Venous PREsSURES IN CASEs OF INTRA- 
PLEURAL PNEUMOTHORAX. artificial 
intrapleural pneumothorax, changes in 
venous pressure are likewise not constantly 
present. Grellety-Bosviel,® in a large ser- 
ies of cases with unilateral pneumothorax, 
found the venous pressure unchanged in 
85%. In the remaining 15%, there was 
a temporary rise in the venous pressure, 
which he attributed to a diminution of 
lung substance and compression of the 
pulmonary vessels with stasis in the right 
chambers of the heart. Hurst and Brand!® 
reported 21 cases of pneumothorax fol- 
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190 PALEY, 
lowed, either before and after the induction 
of collapse, or during the course of collapse, 
and of these, 11 showed changes in venous 
The changes fell into the fol- 
Atelectatic re- 
tracted lungs with high venous pressure 
on the homolateral side may show, after 


pressure. 
lowing general patterns: 


pneumothorax, a reduction in venous pres- 
sure by the release in pull on the venous 
return in the subclavian or innominate 
veins; high tension pneumothorax may 
cause a rise in venous pressure on that 
side, and effusions may act in a similar 
fashion, by causing a rise in intrapleural 
pressure. Feinsilver,’ on the basis of ob- 
servations in 15 cases of pneumothorax, 
concluded that “although a rise in venous 
pressure is not the rule in pneumothorax, it 
does occur frequently, at least as a tem- 
porary phenomenon.” Heise and Steidl? 
came to the conclusion that fluid, pneu- 
mothorax, and thoracoplasty give rise to 
rare elevations of venous pressure, and 
usually such elevations are unilateral. 

VENOUS PRESSURE IN CasEs OF ExTRA- 
PLEURAL PNEUMOTHORAX. The literature 
on venous pressure in extrapleural pneu- 
meager. One might 
anticipate deviations from the normal to 
follow the same pattern as for intrapleural 
pneumothorax. Feinsilver* reported ven- 
ous pressures in 3 extrapleurals, 2 to 3 
months before surgery and 2 to 4 months 
after surgery. One (bilateral) case showed 
no change. One case showed a bilateral 
reduction in venous pressure of significant 
degree and 1 (bilateral) case showed a 
bilateral elevation of questionable signifi- 
cance. 


mothorax is very 


Method. The method for obtaining ven- 
ous pressures used in our series was that of 
Taylor, Thomas and Schleiter™ as modified 
by Hitzig.® 

The patient rests in the supine position 
with the relaxed arm supported in slight 
abduction on a pillow, so that the ante- 
cubital surface is 5 em. below the anterior 
chest wall at the insertion of the fourth rib. 
This is assumed to be the level of the caval 
openings into the right auricle. A tourni- 
quet or blood pressure cuff is applied, a 
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large vein is selected and venipuncture per- 
formed with an 18-gauge needle attached to 
to a 2-cc. syringe. When the bevel of the 
needle rests freely in the vein, the syringe 
is detached, and an L-shaped tube calibrated 
in half-centimeters, the inside of which has 
been moistened with sterile 5% sodium 
citrate solution, is attached and the level 
at which the blood column stops mounting 
is noted. Tiny respiratory oscillations are 
usually apparent and are evidence of a 
freely patent system. 

A few of our more recent determinations 
were done with the method used by Over- 
holt and Pilcher. In this technique, a 
3-way stopcock is interposed between the 
needle and the syringe, and a spinal man- 
ometer tube is attached to the stopcock. 
Citrate solution from the syringe is injected 
into the tube and by turning the stopcock 
to communicate the tube with the vein, the 
citrate solution is allowed to run into the 
vein (or blood into the tube) until equilib- 
rium is established. The 2 methods, L-tube 
and 3-way stopcock with manometer tube, 
have been shown to give virtually identical 
results, but the latter has some advantages 
in permitting easy determination of circula- 
tion times via the same needle and repeated 
determinations of venous pressure without 
clotting. Both methods suffer seriously from 
the need for using a large gauge needle. All 
too frequently it is difficult or impossible 
to find a vein capable of receiving such a 
needle. An ingenious new apparatus for 
obtaining venous pressure has been devised 
by Winsor and Burch.'!7 When commer- 
cially available, this “phlebomanometer” 
should greatly extend the usefulness of 
venous pressure determinations, since it 
makes possible precision determinations 
with the finest gauge needles. 

As the upper limit of normal we took 
10 cm. and no distinction was made between 
male and female patients. This value for 
normal is based on Hitzig’s findings in 624 
normal subjects (in: whom normality was 
confirmed by arm-to-tongue and arm-to- 
lung circulation times). Of these subjects, 
93.2% had venous pressures in the range 
of 4to8cm. The remainder fell within the 
low range of 2 to 4 em. (4.3%) or the high 
range of 8 to 10 em. (2.5%). 


With regard 
to the general relationship of peripheral 


Results and Discussion. 


venous pressure to pulmonary tuberculosis 
and collapse therapy, suffice it to say that 
observations in 55 patients lead us to con- 
clusions quite similar to those of previous 
investigators. Deviations from the nor- 
mal are the exception rather than the rule, 
are observed most often unilaterally and 
usually on the side of more disease or 
collapse, and may be transient. 

VENOUS PREsSURES IN CASES OF EXTRA- 
PLEURAL PNEUMOTHORAX. Table 1 shows 
data obtained in 4 cases of extrapleural 
pneumothorax. For purposes of study, 
the extrapleural pneumothorax is of unique 
advantage in that intrathoracic pressures 
can be raised to levels seldom reached in 
present-day intrapleural pneumothorax. 
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The only comparable study in the litera- 
ture offers interesting contrasts in method 
and theoretical interpretation, yet with 
considerable similarity in results. Holt® 
was concerned primarily with determining 
whether peripheral venous pressure is a 
function of right auricular pressure in man. 
He had his (normal) subjects breathe 
through a mouthpiece from a breathing 
chamber in which the pressure could be 
varied from 20 cm. of water above to 
20 cm. below atmospheric pressure, while 
peripheral venous pressures were simulta- 
neously recorded. 

If our venous pressure data in Case 3 
(Table 1) be plotted (Fig. 1) on coérdi- 
nates of same scale-as used by Holt, a 


TaBLeE 1.—VeNous Pressures (V.P.’s) Cases WITH EXTRAPLEURAL PNEUMOTHORAX 


V.P. V.P. 
collapsed uncollapsed 
Case Extrapleural pressure* side side 
+44, +48 7 4 
2.C.G —5, 64 84 
After injection of 300 cc. of air: +18, +20 114 64 
3. 8. K. —13, -1 5 
After injection of 200 ec. of air: —2, +2 5 
After injection of 400 ce. of air: +10, +12 i) 
After withdrawal of 400 cc. of air: —2, +1 5 
After injection of 300 ce. of air: +6, +10 74 
After injection of 400 cc. of air: +16, +20 11 
After removal of 400 ce. of air: —2, 0 5 
4. L.W. —5, —2 133 64 
After injection of 300 cc. of air: +18, +20 163 64 


* Measured in centimeters of water relative to atmospheric pressure. 
t Case C. P. is not comparable to the others, in that venous pressures and extrapleural pressure 
determinations were not made simultaneously, hence the actual relationship between the 2 is not known. 
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Fic. 1.—Graph correlating venous pressure and extrapleural pressure. 
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linear relationship of very similar slope to 
that which he found becomes evident. 
The unchanged venous pressure in the 
face of varied sub-atmospheric intratho- 
racic pressures is to be attributed, we 
believe, to the partial collapse of the 
peripheral veins when intrathoracic pres- 
sures become markedly negative. Such a 
phenomena is described by Holt and may 
well explain the occurrence of normal 
venous pressures with high negative intra- 
pleural pressures observed by all workers 
in this field. On the other hand, the 
magnitude of positive intrathoracic pres- 
sure changes necessary to produce rather 
small changes in venous pressure explains, 
we believe. why elevations of venous pres- 
sure are only occasionally observed in the 
course of collapse therapy. 

Venous PressurRES IN Cases WITH 
Dyspnea. Table 2 summarizes our find- 
ings in 30 patients, all of whom showed 
more or less dyspnea at rest. All had a 
considerable amount of intrapulmonary 
disease but in most instances the usual 
clinical and Roentgen ray signs of right 
heart failure were absent or only equivocal. 
The generally bad prognostic import of a 
persistently elevated venous pressure and 
positive Pasteur-Rondot phenomenon in 
spite of therapy is apparent. Only excep- 
tionally could surgery be contemplated in 
such a patient. 

It is in this group of patients with 
dyspnea that venous pressure determina- 
tions offer invaluable information as to 
presence or absence of early heart failure 
as a component in the clinical picture, and 
this information is not readily available 
in any other way. The “dynamic” meth- 
ods of demonstrating impaired cardiac re- 
serve, involving as they do rapid infusions 
or exercise, are not without hazard. Cir- 
culation time determinations might help, 
but the interpretation of results would 
be complicated in some cases by the fact, 
demonstrated by Feinsilver,* that arm-to- 
lung time is significantly reduced by any 
type of collapse therapy. On the other 
hand, the factor of presence of collapse 
therapy does not interfere with interpre- 
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tation of venous pressures for 2 reasons: 
(1) Variations in venous pressure due to 
collapse procedures are almost invariably; 
unilateral. (2) Use is made of the “hepa- 
to-jugular reflux” of Pasteur and Ron- 
dot,!*-4 as recently applied to venous pres- 
Hitzig.* This 
phenomenon, which is never observed with 


sure determinations by 
venous pressure alterations due simply to 
collapse procedures, is pathognomonic of 
right heart insufficiency, even when the ini- 
tial venous pressure is within normal limits. 

Briefly, the test consists of sustained 
and gradually increasing manual com- 
pression of the right upper quadrant while 
the patient is instructed to breathe nor- 
mally with the mouth open. With the 
manometer attached, the venous pressure 
is recorded at the end of 1 minute of sus- 
tained pressure. In the presence of a 
normally functioning right ventricle, the 
pressure remains unchanged or falls slight- 
ly. A rise in pressure is a sensitive indi- 
For 
an explanation of these phenomena the 
reader is referred to Hitzig’s paper.® 

The need for a means of differentiating 


cator of right ventricular weakness. 


cardiac from pulmonary insufficiency, or 
at least of recognizing a cardiac compo- 
Griggs, 
Coggin and Evans® found that of 1470 
vases of tuberculosis coming to autopsy, 


nent in a given case, is very real. 


3.7% showed right ventricular hypertro- 
phy, and 1.8% showed definite congestive 
failure. Due to the high incidence of 
tuberculosis, right ventricular hypertro- 
phy was seen more frequently (18,000 
consecutive autopsies) in patients with 
tuberculosis than with any other pulmon- 
ary disease. 

Chronic pulmonary tuberculosis ma) 
result in pulmonary circulatory changes 
either by its destructive action, by par- 
enchymal fibrosis, by the effects of asso- 
ciated emphysema, or secondary to col- 
lapse measures.!! All these may produce 
venous pressure changes directly, as dis- 
cussed above, or the venous pressure may 
rise secondarily when the strain on the 
right heart results in cardiac insufficiency. 
Weiss and Blumgart,"* and Fishberg* found 
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Right arm Left arm 
Initial Pasteur- Initial Pasteur- 
Case Date Rondot V.P. Rondot 
1. G. B. 4/17/47 5 7 5 8 
2. M. B. 8/15/46 5 5 7 7 
a. 9/18/46 11 124 9 13 
4. M.C 2/ 7/46 5 44 5 44 
5. N. E. 5/13/46 10 104 13 15 
6. D. F 6/ 6/47 8} 8} 
7.. 4.4 11/ 5/45 7 9 5 74 
1/ 4/46 17 24 
12/31/46 30t 
1/22/47 15 17 15 17 
8. B. H. 5/27/47 10 10 84 8} 
9. B. H. 4/ 8/46 15 17 7 93 
10. M. H. 1/ 6/45 104 9} 10 9} 
4/ 1/46 12 18 
11/ 2/46 15 16 134 14 
11. J. 6/19/46 144 18 
12. E. K. 11/21/46 15 24 16 24 
12/17/45 13 19 13 19 
1/15/46 i 8 94 
13. I. K. 10/21/46 7 64 8 8 
14. J. K 6/ 5/47 64 64 54 5 
15. A. K 4/23/47 123 16 
16. M. L. 5/19/47 4} 4 
17. G. L. 4/23/47 4 4 34 34 
18. E. M. 5/ 9/47 104 104 9 9 
19. A. M. 3/24/47 3 4 5 63 
20. P. M. 7/31/46 10 12 19 223 
8/ 1/46 12 18 16} 23 
8/ 2/46 10 12 19 224 
8/ 7/46 6 104 10 144 
21. H. M. 8/21/46 8 8 9 9 
10/16/46 21 28 21 30 
22. M. O. 4/ 8/46 8 64 74 64 
23. T. R. 3/21/46 6 6 10 10 
3/26/47 14 18 
24. P.S. 3/20/46 4 4 6 54 
25. R. 8. 2/11/46 9 104 43 5 
26. M.S. 2/11/46 9 10} 44 5 
5/20/46 19 24 174 24 
7/17/46 17 24 
27. F. W. 9/5/46 4} 44 4} 4} 
9/14/46 54 54 8} 84 
28. C. W. 4/11/46 17 223 18 23 
5/18/47 84 ll 
29. E. W. 12/27/46 15 15 15 15 
30. G. W. 2/ 4/46 Ay 63 7 7 
Venous pressures are recorded to the nearest half-centimeter. 


TABLE 2.—VENOUS PRESSURES* IN PaTIENTS WiTH DysPNEA 


Remarks 

Normal V.P.’s with positive P-R phenomenon; 
cardiac insufficiency is anticipated 

Normal V.P.'s; severe dyspnea due to asthma and 
pulmonary emphysema 

V.P.’s upper limit of normal with positive P-R 
phenomenon; other evidence of cardiac insuffi- 
ciency soon appeared; died 

Normal V.P.’s; in spite of severe dyspnea, the 
a of extensive destruction, maintains status 

uo as a ‘‘good chronic” 

Elevate d V.P.’s and positive P-R phenomenon; 
circulation times on same date normal; su 
quent course points toward anticipated cardiac 
failure 

Normal V.P.; dyspnea due to disseminated pul- 
monary disease 

First V.P.’s normal but P-R phenomenon easrmens 
cardiac insufficiency thus anticipated and actu- 
ally ensued; responded temporarily to treatment 
but died in failure 4/7/47 

V.P.’s normal; dyspnea due to “‘frozen”’ right lung 
and disseminated disease. 

Elevated V.P. on right (thoracoplasty) side; P-R 
phenomenon positive bilaterally; has subse- 
quently survived 2 more surgical stages, but 
clinica] course has “been suena precarious 

Progressive elevation of V.P.'s and appearance of 
positive P-R phenomenon; definite clinical evi- 
dence of right heart failure did not appear until 
1/2/47, 10 days before death 

Elevated V.P. and positive P-R phenomenon; also 
shows ECG evidence of right ventricular strain 
but no clinical failure as yet 

V.P.’s generally elevated and P-R consistently 
positive; ECG showed evidence of infarct; thora- 
coplasty contraindicated by heart condition 

V.P.’s normal; died of massive hemorrhage; autop- 
sy revealed normal heart 

V.P.’s normal; severe emphysema but no cardiac 
insufficiency 

Elevated V.P. and positive P-R; has gone on to 
severe decompensation 

Normal V.P.; severe dyspnea due to pulmonary 
destruction and emphysema 

Normal V.P.’s; dyspnea due to extraperiosteal 
thoracoplasty on the left and disseminated 
disease 

V.P.’s upper normal; developed evidence of right 
heart failure on the surgical table and pulmon- 
ary resection could not be completed; subsequent 
rapid infusion test showed latent cardiac in- 
sufficiency 

An instance of frank right heart failure due to thy- 
rotoxicosis, with auricular flutter and fibrillation, 
and with normal initial V.P.’s but positive P-R 
phenomenon 

Elevated V.P.’s; positive P-R phenomenon; ad- 
mitted in congestive failure and died 9/7/46 


Normal V.P.’s on admission; later elevated with 
see P-R; died 10/18/46; autopsy revealed 
ypertrophy and dilatation of the right ventricle 
Normal V.P.'s; severe dyspnea due to thoraco- 
plasty on left, empyema on right 

Admission V.P.’s normal; later elevated with posi- 
tive P-R; clinical evidence of right heart failure 
appeared on 3/29/47; died 3/31/47 

Normal V.P.’s; very severe dyspnea due to dis- 
seminated dise: 

Normal V.P.’s; positive P-R dyspnea due at least 
partially to asthma; no other evidence of cardiac 
failure at time he left observation 

V.P.’s normal to elevated; P-R always positive; 
died of massive hemorrhage 10/14/46; autopsy 
revealed right ventricular hypertrophy and dila- 
tation 

Normal V.P.’s; dyspnea due to extensive paren- 
chymal destruction; although a desperately poor 
risk, has withstood 5 major operations 

Elevated V.P.’s and positive P-R; dyspnea due to 
cardiac insufficiency on basis of thoracoplasty 
and disseminated diseases 

Elevated V.P.’s; no P-R; A-L time normal; A-T 
time prolonged; diagnosis: arteriosclerotic heart 
disease; left ventricular insufficiency 

Normal V.P.’ 8; very severe dyspnea due to left 
extraperiosteal thoracoplasty extensive 

isease 


+ The upper limit of our apparatus. 
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instances of emphysema without heart 
failure, in which the venous pressure was 
somewhat elevated, but in the majority 
the pressures were within normal limits. 
In our experience, emphysema per se, in the 
absence of right ventricular insufficiency, 
does not cause elevated venous pressure. 
Nemet and Rosenblatt" reported an 
incidence of right ventricular hypertrophy 
of 46.5% in 71 consecutive cases of pul- 
monary tuberculosis coming to necropsy. 
“While it is true,” they state, “that car- 
diac enlargement and cardiac failure are 
by no means synonymous terms, never- 
theless the former represents an earlier 
phase of the latter condition. It seems 
rational, therefore, that, just as there is 
a transition period of pathologic changes, 
there should be a transition period before 
the patient goes into recognizable cardiac 
failure in which the cardiac symptoms 
are obscured by those of the pulmonary 
disease. At present it is impossible to 
distinguish clinically between pulmonary 
and cardiac insufficiency in the early stages 
of cardiac failure.’ Actually, only 11 of 
their 33 cases were recognized clinically 
(antemortem) as having heart disease. 
Less than half showed hepatomegaly or 
peripheral edema. Roentgenograms and 
electrocardiograms were of scant value in 
establishing the cardiac diagnosis, and 
“venous pressure readings did not always 
parallel the degree of venous distention.” 
Hitzig® also pointed out this occasional 
failure of the conventional venous pres- 
sure determination to indicate even frank 
cardiac insufficiency. An example in our 


own series may be seen in Case 19. It 
will be noted however that the positive 
Pasteur-Rondot phenomenon is present in 
that instance. We feel that use of this 
test in addition to the usual venous pres- 
sure determination offers a reliable and 
quite sensitive index of the functional 
reserve of the right heart. 

Final proof of this last statement must 
await accumulation of a considerable ser- 
ies of autopsy cases. Of the 30 cases in 
Table 2, 7 have so far died, and of these, 
4 have come to autopsy. Of the latter, 
3 had antemortem elevated venous pres- 
sures and positive Pasteur-Rondot phe- 
nomenon and showed postmortem evi- 
dence of cardiac failure. One who showed 
no postmortem evidence of failure had 
normal venous pressures and a negative 
Pasteur-Rondot response in life (Case 8). 

Conclusions. 1. Venous pressure stud- 
ies on 55 patients with pulmonary tuber- 
culosis confirm earlier reports that changes 
in the venous pressure are inconstant, 
often transient, and usually unilateral on 
the side of more extensive disease or 
collapse. 

2. Peripheral venous pressure bears a 
linear relationship to positive intratho- 
racic pressure but probably not to nega- 
tive intrathoracic pressure. 

3. Venous pressure determination, if 
use is made of the hepatojugular reflux 
phenomenon of Pasteur and Rondot, offers 
a valuable means of detecting cardiac 
insufficiency in cases where cardiac symp- 
toms may be obscured by concurrent 
pulmonary disease. 
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AND 
Marc J. Musser, M.D. 


ASSOCIATE PROFESSOR OF MEDICINE 
MADISON, WISCONSIN 


(From the Department of Medicine, University of Wisconsin Medical School) 


TuHE diagnosis of psychoneurotic states 
is too frequently made on the basis of 
exclusion. A clinically applicable diag- 
nostic test to aid in the confirmation of 
such a diagnosis would be of considerable 
value, especially on the medical and surg- 
ical wards of a general hospital where the 
services of a psychiatrist may of necessity 
be limited to those patients who are obvi- 
ously mentally ill. Chapman! and Chap- 
man et al.* have reported that psycho- 
neurotic patients, including those with 
anxiety tension states, conversion hysteria, 
and hypochondriasis have a lower pain 
reaction threshold than do the non- 
neurotic controls, and they suggest that 
“this test might be used as an aid in the 
diagnosis of neurocirculatory asthenia, 
effort syndrome, and anxiety neurosis.’ 
An experiment of ours in progress at the 
time of publication of their report was 
designed to investigate the feasibility of 
using the Hardy-Wolff-Goodell pain 
threshold apparatus as a diagnostic aid in 
an unselected series of general medical 
patients. 


Materials and Method. The Hardy- 
Wolff-Goodell apparatus‘ was modified so 
that light from a 500 watt incandescent lamp 
passing through a condensing lens was 
focused through a fixed aperture onto the 
blackened skin of the subject’s forehead and 
hand alternately. The sites selected for test- 
ing were the midline of the forehead and the 
dorsum of one hand on each subject. An 
electrically timed shutter was opened for 
exactly 3 seconds for each trial. A complete 
test for one subject included a series of 8 to 
15 different stimuli of varying strengths so 
administered as to allow the determination 


* Aided by a grant from the Wisconsin Alumni Research Foundation. 


of the pain perception threshold and the pain 
reaction threshold, the lowest level from 
either the forehead or the hand being con- 
sidered as the threshold. 

The pain perception threshold is the lowest 
level of stimulation at which the subject per- 
ceives a sharp, stinging, prickling sensation. 
The pain reaction threshold is the lowest 
level at which the subject demonstrates a 
motor reaction, that is, a wince or a with- 
drawal. 

A voltmeter was attached across the lamp 
circuit, and the instrument was calibrated 
so that the amount of radiant energy passing 
through the testing orifice at any particular 
voltage was known accurately. This calibra- 
tion was checked frequently, and it was 
found that the energy output for a constant 
voltage was constant from day to day. 

Prior to testing, subjects were instructed 
as to the nature of the endpoint for percep- 
tion by being told that sometime during the 
series of trials they would feel a sharp, sting- 
ing, burning, jabbing, pricking, prickling sen- 
sation or they would feel as if the warmth 
swelled to a point at the end. They were 
told that the sensation of warmth was not 
the desired endpoint. Reaction was not 
mentioned before the test. 

Unselected ambulatory patients from the 
medical wards of the State of Wisconsin 
General Hospital were tested within a few 
days of their admission. Clinical studies and 
diagnoses were not available to the operator 
until each test had been completed. The 
diagnoses were then recorded together with 
the pain perception and pain reaction thresh- 
olds. All tests were performed by the same 
operator. None of the patients had received 
analgesics on the day of the test. 

The subjects were divided into two groups 
for statistical analysis: (a) 71 patients with 
a primary diagnosis of psychoneurosis. This 
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group was predominantly composed of 
patients with anxiety tension states but in- 
cluded some patients with conversion hys- 
teria or hypochondriasis. A few of them also 
had organic disease which was not considered 
to be detrimental to the validity of this test. 
(6) 138 non-neurotic subjects, including 108 
non-neurotic medical patients and 30 medical 
students and hospital personnel. 


Results. The pain perception threshold 
proved to be a mean for 138 non-neurotics 
of .348 gm.cal./sec./em.?* and a mean for 
71 psychoneurotics of .347 gm.cal./sec./ 
em.” This is not a significant difference in 
the means. 

The pain reaction threshold showed a 
mean for 138 non-neurotics of .502 gm. 
cal./sec./em.? and a mean for 71 psycho- 
neurotics of .447 gm.cal./sec./em.” 

This is a highly significant difference 
between the two means; the critical ratio 
is over 4.9, indicating that these results 
would occur by chance less than once in 
10,000 trials. 

Discussion. The diagnosis of psycho- 
neurosis were made by the medical staff. 
Over 50% of the psychoneurotic patients 
were examined by a psychiatrist who con- 
firmed the diagnosis. 

The difference between the mean pain 
perception threshold of psychoneurotics 
and that of non-neurotics is not significant 
statistically. There is practically no differ- 
ence between the means. This is in direct 
contrast to a widespread but very likely 
erroneous clinical impression that psycho- 
neurotics feel pain from a lessé stimulus 
than do non-neurotics. 

The difference between the mean pain 
reaction threshold of neurotics and non- 
neurotics is highly significant statistically. 
Inspection of the graph (Fig. 1), which 
compares the pain reaction threshold of 
psychoneurotics and non-neurotics, reveals 
that, despite a highly significant difference 
in the mean reaction thresholds, there is 
extensive over-lapping of individual levels 
in the two groups. It is apparent that 
there is no demarcation which might serve 
as a dividing line in clinical application of 


* Gram calories per second per square centimeter. 
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this test. Fifty-two per cent of the psycho- 
neurotic group had a reaction threshold 
below .455 gm.cal./sec./em.,? while only 
23% of the non-neurotics reacted below 
this level. Using .385 gm.cal./sec./em.? as 
an arbitrary point of differentiation, one 
finds 30% of the psychoneurotic group 
reacting below this level, while only 6.5% 
of the non-neurotic group had a pain reac- 
tion threshold below that figure. 

Psychoneurotics are more apt than non- 
neurotics to demonstrate a fusion of their 
perception and reaction thresholds; that is, 
to react as soon as they perceive pain. 
Of the psychoneurotics, 18.3 % fused their 
perception and reaction, while only 4.3 % of 
the non-neurotics exhibited this phenom- 
enon. It is of interest to note the nature 
of the illnesses in the 4.3% of the non- 
neurotic group who had no spread between 
perception and reaction thresholds. There 
were 7 subjects in this group. The 2 men 
had peptic ulcers. One of the 5 women 
was later diagnosed as probable conversion 
hysteria; 1 had a duodenal ulcer; 1 was a 
behavior problem and had syphilis; 1 had 
a spontaneous pneumothorax; and 1 was a 
medical student with no known disease. 

The fact that each subject was tested 
only once might be considered by some as 
detracting from the validity of the results. 
This criticism was anticipated, but the 
experiment was designed to determine the 
feasibility of using this apparatus as a 
clinical aid in. the diagnosis of psychoneu- 
rotic states. Because of this goal it was 
considered advisable to test each subject 
only once. The method would be less 
practical for clinical use if it were neces- 
sary to test each subject on several differ- 
ent days. Chapman et al.? have shown 
that 11 subjects tested on 6 consecutive 
days failed to show any significant varia- 
tion from the value recorded on the first 
test. 

Reference to the graph (Fig. 1) reveals 
that many of the subjects clinically diag- 
nosed as psychoneurotics had a pain reac- 
tion threshold as high as that of the non- 
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neurotics. It is also apparent that a not 
inconsiderable number of non-neurotics 
had a low pain reaction threshold. There 
were numerous cases in which the clinical 
diagnosis of several independent examiners 
was anxiety tension state, although the 
pain thresholds of these same subjects 
were definitely in the higher levels. Stated 
differently, these psychoneurotics had 
“normal” pain reaction thresholds. 


80 


30 


20 


pain reaction thresholds and pain percep- 
tion thresholds were determined in 71 
patients with a diagnosis of psychoneuro- 
sis, and in 138 non-neurotic patients and 
medical personnel. 

There was no significant difference be- 
tween the mean pain perception threshold 
of psychoneurotics and non-neurotics. 

There was a highly significant difference 
between the mean pain reaction threshold 


280-385 


386 - 455 


456 -.560 


Fig. 1.—Pain Reaction Thresholds. Solid: Psychoneurotics. Diagonal: Non-neurotics. Abscissa: 


Pain reaction threshold expressed in gm.cals./sec./em.? 


between these levels. 


It is realized that the patients diagnosed 
as psychoneurotics form a very heterogen- 
eous group. Even those with an anxiety 
tension state are a heterogeneous aggrega- 
tion, and one might anticipate considerable 
scattering of the pain thresholds in a group 
of psychoneurotics, or even in the more 
limited classification of anxiety tension 
state. However, it is apparent that a con- 
siderable number of psychoneurotics have 
a definitely low pain reaction threshold. 
From results obtained in this experiment, 
the authors were unable to establish the 
common factor necessary for manifestation 
of a low pain reaction threshold. 

Summary and Conclusions. 1. Using a 
modified Hardy-Wolff-Goodell apparatus, 


Ordinate: Percentage of subjects reacting 


of psychoneurotics and non-neurotics, that 
of the neurotics being distinctly lower. 

2. Failure to show a spread between per- 
ception and reaction threshold is strong 
evidence for the existence of a significant 
emotional disturbance. It occurs more 
often in psychoneurotics than in non- 
neurotic persons. However, a normal pain 
reaction threshold is not evidence against 
the existence of a psychoneurosis, since a 
considerable number of severe psychoneu- 
rotics showed normal pain reaction thresh- 
olds. 

3. The Hardy-Wolff-Goodell pain thresh- 
old apparatus is of limited value in con- 
firming the diagnosis of psychoneurosis, 
but of no aid in ruling out such a diagnosis. 
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A VASCULAR APPROACH TO THE TREATMENT OF RHEUMATOID ARTHRITIS* 
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THE present concept of the etiology, 
pathology and treatment of rheumatoid 
arthritis is at best an inconclusive, indi- 
vidualized interpretation of a mass of con- 
flicting clinical and laboratory data. As 
with few other diseases, speculation has 
run the gamut experimentally and thera- 
peutically, and one needs only to read the 
pertinent literature to direct accordingly 
his approach to the patient’s disease. Com- 
roe,* in his monograph on arthritis, has 
exhaustively compended this maze of sta- 
tistical conflict. 

In the literature, both old and new, 
there are many references to the abnormal 
vascular pattern of rheumatoid arthritis. 
Few authors have presented any sound 
evidence of this suspected vascular altera- 
tion. Considerable investigation, however, 
has been carried out in the therapeutic 
effect on the disease by agents tending to 
alter or correct the vascular picture.514.20.2! 
Some workers have failed to demonstrate 
any vascular change and, therefore, have 
questioned its existence or have assumed 
that, if present, it represents nothing more 
than a concurrent feature.!:?! 

Recently there have appeared in the 
literature a number of valuable presenta- 
tions which may lead to a clearer under- 
standing of the basic vascular condition in 
rheumatoid arthritis. Pemberton and 
Wright,” and Kovacs, Wright and 
Duryee,“ a number of years back, at- 
tempted to illustrate vascular changes by 
the measurement of the temperature of 
the nail-beds in arthritic individuals. More 


recently Martin et al., by careful evalua- 
tion of skin temperatures, demonstrated a 
sluggish vasoconstriction and vasodilata- 
tion in many subjects with rheumatoid 
arthritis. 

Kersley,” in a series of cases, reported 
vasospasm as an early feature of this dis- 
Naide et al.,° felt that vasospasm 
might well be a predisposing factor, and 
further stated that the individual with 
rheumatoid arthritis has a high degree of 
vascular tone which they defined as an 
impairment of the lability of the blood 
vessels. The characteristic pattern which 
they felt diagnostically important was the 


ease. 


persistently high grade of vascular tone 
with a dissociation type of response in the 
involved digit or extremity. This concept 
of a characteristic vascular pattern in 
rheumatoid arthritis is in contrast to that 
of Hench,® who ascribed the vasomotor 
changes of chronic arthritis as neither the 
cause nor an essential feature of the dis- 
ease, but rather as a complication occur- 
ring at times in varying degrees as the 
sympathetic nervous system was perhaps 
affected by “‘toxins”’ of the disease. 

Naide et al.,° felt that there was evi- 
dence presented by patients with frheu- 
matoid arthritis suggesting an increased 
sympathetic tone which accounted for the 
high vascular tonicity as well as many 
other features, such as increased sweating 
and increased pupil size. This evidence of 
autonomic nervous system imbalance in 
rheumatoid arthritis gives rise to interest- 
ing speculation as to the réle of the auto- 


* This article has been released for publication by the Division of Publications of the Bureau of 


Medicine and Surgery of the United States Navy. 
those of the writers and are not to be construed as reflecting the policies of the Navy Department. 
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nomic nervous system in rheumatoid arth- 
ritis in relation not only to etiology but to 
treatment. 

Many of the accepted and commonly 
used therapeutic agents basically are 
vascular in effect, and many others not of 
this specific nature may quite likely exert 
such an effect. The efficiency of certain 
of these standard agents, from a vascular 
standpoint, has been repeatedly reported. 
The use of massage and heat of various 
forms has long been associated with the 
handling of rheumatoid arthritis. Wood- 
mansey” describes the vascular reactions 
to contrast baths and states that the effect 
sought is the active exercise of the per- 
ipheral vessels. Sympathectomy has been 
shown to improve circulation in peripheral 
joints and to relieve joint pains.” Gang- 
lionectomy is occasionally used to relieve 
pain in rheumatoid patients, the benefits 
resulting probably from improvement in 
local circulation by the blocking of sym- 
pathetic outflow.2° Naide™ suggested that 
treatment such as that given in other 
vasospastic disorders, in which emphasis 
is directed towards vasodilatation by in- 
terruption of hyperactive vasoconstrictor 
reflexes through paravertebral] block or 
caudal anesthesia might benefit these 
patients. Artificial fever therapy has been 
shown to produce partial symptomatic re- 
lief of days or weeks duration.*9° Martin 
et al.,” by vasodilatation using physio- 
therapeutic measures, showed that after 7 
to 30 days of treatment patients showed an 
increased tolerance to cool environmental 
temperatures. The use of large doses of 
nicotinic acid, both intravenously and 
orally, for its vasodilating effect has been 
reported by Kurtz’ who in treating 36 
cases, mostly chronic and of long duration, 
obtained favorable results with improve- 
ment in almost 75 %. 

In 1946, Gillman and Gillman’ reported 
favorable results obtained with 70 patients 
who had polyarthritis, using an unorthodox 
spinal pumping procedure first described 
by Speransky.'® They noted objective 
and subjective signs of improvement with- 
in 48 to 72 hours in more than 80% 


of their cases. Unfortunately in the re- 
porting of these cases, no attempt was 
made to subclassify these arthritides, so 
that proper evaluation of the reported 
results is difficult. The remarkable feature, 
however, was the profound effect of the 
pumping procedure on the peripheral vas- 
cular mechanism as evidenced by severe 
sweating, a rise in skin temperature, and 
a marked dilatation of capillaries. The 
degree and duration of the dilatation of 
the peripheral vessels was much greater 
than that achieved by sympathetic blocks, 
according to the authors. This effect was 
maintained in many patients for months. 

Gubner® noted an increase in peripheral 
blood flow by the use- of amino acids, 
notably glycine. He reported the effects 
in 25 patients, 9 of whom had peripheral 
vascular diseases. The method was not 
used in patients with rheumatoid arthritis. 
He found that the skin temperature rises 
obtained were fully equivalent to those 
resulting from nerve block, indicating max- 
imal vasodilatation. 

THERAPEUTIC MeETHOoDs. An approach 
to the management of rheumatoid arthritis 
mainly from a vascular viewpoint ap- 
peared to be worthy of consideration. The 
treatment that has evolved at this Naval 
Hospital consists of agents and procedures 
for influencing the vascular system. 

Upon admission of a patient with acute 
involvement of joints, constant packing 
of both the involved joints and the sur- 
rounding soft tissue well beyond the in- 
volved joints is initiated immediately, 
using hot moist foments. This is continued 
for a period of 72 hours or more until the 
acute edema and the acute pain have been 
alleviated or eliminated. The packing is 
similar in technique to that described by 
Kenny." Following this phase, the patient 
is then subjected to the spinal flushing 
procedure of Speransky. The technique 


for this latter is that of doing first a 
lumbar puncture and then aspirating and 
reinjecting spinal fluid. Twenty ce. of 
spinal fluid are aspirated slowly consuming 
about 60 seconds; the fluid is then re- 
injected at about the same rate without 
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removal of the syringe or needle. This is 
repeated 20 times. The final 20 cc. of 
fluid withdrawn is not re-injected but is 
sent then to the laboratory for routine 
spinal fluid analysis. Further treatment 
is then withheld for the next few days 
until all deleterious effects (mainly head- 
ache) secondary to the spinal pumping 
have disappeared. 

The patient then begins a course of 
typhoid vaccine-autohemotherapy. The 
course consists usually of 6 fever sessions 
induced twice weekly for 3 weeks. At the 
same time that triple typhoid vaccine is 
given intravenously, 10 cc. of the patient’s 
blood withdrawn from the arm are re- 
injected into the gluteal muscles. A violent 
chill with subsequent fever of 102 to 104 
degrees sustained for 4 to 6 hours is the 
effect desired. 

Between these fever treatments the 
patient is given nicotinic acid orally twice 
daily before meals in amounts sufficient to 
produce peripheral flushing. 

Diets consist of normal house diets con- 
taining approximately 2200 calories. 

Physical therapy is utilized in those 
cases where indicated. Remedial exercises 
and reambulation are initiated early by 
the Physical Medicine Department. 

In the process of the evolution of this 
current method of handling rheumatoid 
arthritics, many patients received trials 
with only spinal pumping or with only 
fever therapy before the combined use of 
spinal pumping and typhoid-autohemo- 
therapy was found to be productive of the 
best results. 

Results of Treatment. In 11 patients 
of this series, active treatment consisted 
of Speransky spinal pumping alone. Nine 
of these patients were clearcut cases of 
rheumatoid arthritis, 1 of Marie-Striimpell 
arthritis, and 1 of psoriatic arthritis. 
Except in the case of psoriatic arthritis 
and that of Marie-Striimpell arthritis, 
there were certain definite subjective and 
objective benefits obtained in all cases. 
The most consistent effect was the marked 
decrease or elimination of the annoying 
fibrositic component complained of by the 
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patients; not only was there improvement 
in the jelling experienced with waking in 
the morning but also with the jelling 
secondary to inactivity and that associated 
with barometric changes. Secondary to 
this improvement, the patient’s sleep im- 
proved, his appetite increased, he felt well 
in the morning, and his general sense of 
well-being was appreciably stimulated. In 
all cases there was some degree of improve- 
ment and in some, complete elimination 
of the peripheral coldness of extremities. 
Objectively, there was improvement in 
skin warmth and a decrease in blueness; 
while facilities were not available for re- 
liably recording skin temperature changes 
in a constant temperature environment, 
the changes were nonetheless sufficiently 
marked both subjectively and objectively 
to be of striking significance. In general, 
there was diminution of joint pain but this 
was not a consistent observation. In con- 
trast to the report of Gillman and Gillman’ 
who noted improvement in the acutely 
inflamed joints within 48 hours, there 
were no such changes noted in these 
patients, nor was there any consistent or 
significant change in sedimentation rates 
secondary to the pumping as reported by 
those investigators. Repumping was car- 
ried out in 3 cases; in 1 patient, who had 
experienced excellent effects initially with 
recurrence of symptoms after 44 days, 
repumping was again effective. In the 2d 
case repumping was carried out 3 months 
after the initial procedure because of poor 
response, and results following this 2d 
pumping were equally disappointing. In 
the 3d case there had been no complaints 
of coldness, jelling or other vasomotor 
symptoms. Pumping initially did not 
relieve joint pain, swelling or immobility, 
and a repumping 4 months later was simi- 
larly ineffective. In all cases except these 
3 the beneficial effects obtained were sus- 
tained. In no cases were there ill effects 
other than the transient headaches sec- 
ondary to usual lumbar puncture. Four 
cases of this group, of which 3 were the fail- 
ures mentioned above, were later subjected 
to typhoid-autohemotherapy treatment. 
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Case Reports. Casel. W.D.,a 24 year 
old white male admitted on April 22, 1946, 
had been chronically ill with rheumatoid 
arthritis for 5 years prior to admission. He 
had received gold therapy with no effect. 
The year before admission he had been 
placed in a hip spica cast to prevent joint 
deformity of the left hip; ankylosis of the left 
hip and of the lumbar spine resulted. Serial 

toentgen ray studies have shown a progres- 
sing fibrous ankylosis of the left hip and 
spine with roughening of the left femoral 
head and decrease in joint space, progressive 
bridging of the intervertebral spaces of the 
lumbar spine, obliteration of the sacro-iliacs 
bilaterally, and beginning changes in the 
inferior portion of the right hip joint. Read- 
mission at this time was necessitated by 
dependent erythema and paresthesia of the 
left foot, and severe muscle cramping in the 
left leg. The latter was of such severity that 
the patient was bedridden, ‘afraid of moving 
for fear of precipitating such episodes. Dur- 
ing the entire period of illness the patient had 
an elevation of his sedimentation rate. On 
conservative measures of bed rest and blood 
transfusions, there was no response clinically. 

On July 15th he was given a Speransky 
spinal flushing. As a result there was im- 
mediate increase in warmth of extremities, 
elimination of jelling, and relief of the leg 
The sedimentation rate remained 
elevated. Nine days following the pumping, 
the patient was sufficiently free of pain to 
begin walking in a mechanical walker. 

On September 5th because of lack of 
increase in motion in the deformed joints, 
it was decided to have the left hip and knee 
manipulated. As a trial to determine the 
efficacy of increased blood supply in such a 
procedure it was decided to repump; this 
was done on the 5th and the following day 
manipulation under intravenous anesthesia 
was carried out. Despite traction, under- 
water exercises, and physiotherapeutic meas- 
ures, the motion gained by manipulation was 
lost, the patient was not benefited, and 
apparent ankylosis returned. 

On October 10th, because of hip joint pain 
and in order to ascertain the réle of joint 
pain in the limitation of joint motion, para- 
vertebral blocks were carried out on 2 
occasions; for 2 hours after the 1st block 
the patient was able to accomplish some 
painless hip motion, but the subsequent 
block was a failure. 


spasms. 


On November 20, 1946, the sedimentation 
rate was for the first time normal. 

On January 16, 1947, a vitallium cup 
arthroplasty of the left hip was performed. 
To date, results have been good; the patient 
now has good range in all directions except 
hypertension of the hip (this limitation being 
largely due to low back ankylosis). The sedi- 
mentation rate has remained normal. 

Since the initial Speransky the subjective 
warmth and comfort in the affected parts 
has remained good; the relief from jelling 
has persisted. 

Case 2. W. W. P., a 30 year old white 
male, admitted on March 16, 1946, had 
chronic rheumatoid arthritis with advanced 
deformities of the small joints of both hands 
and feet and marked generalized muscular 
atrophy. 

In the summer of 1943 the patient had 
noticed a painful right ankle for one week. 
In August, 1944, he developed pain and stiff- 
ness in the left knee, which improved under 
symptomatic treatment. In October, 1944, 
he developed acute pain and swelling in the 
right ankle and was then hospitalized by the 
Army. While in the hospital there was 
progressive spread, with involvement of the 
elbows, wrists, fingers, knees, ankles and 
feet. There was increased local heat and 
swelling, most marked about the knees, and 
limitation of motion in both hips. In the 
first 2 months of his illness he lost 70 pounds 
in weight, from a normal of 160 pounds to 
90 pounds. He was treated with physical 
therapy and general supportive measures. 
Following transfer to the United States he 
was given a course of gold (775 mg.) with 
no subjective benefit; physiotherapeutic 
measures were continued. 

Upon admission to this hospital in March, 
1946, 3 years after the onset, the patient 
weighed 100 pounds. There was marked 
generalized muscular atrophy, pain, swelling 
and contracture deformities of the elbows, 
wrists, fingers, knees and feet. The blood 
sedimentation rate was 27 mm. in 1 hour. It 
was felt that he had an extensive deforming 
arthritis which was still in an active stage. 
He was treated for the first 3 months with 
blood transfusions, prostigmine, physical 
therapy and general supportive measures. 
There was no improvement. 

On July 29, 1946, a Speransky spinal 
flushing was done. On the first day following 
this procedure the patient noted subjective 
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warmth of the hands and feet and diminution 
of pain upon joint motion. Objectively there 
was marked increase in cutaneous warmth. 
The patient no longer had jelling; slept well 
and felt well upon awaking in the morning. 
There was a general increase in sense of 
well-being and an increase in appetite. By 
the 7th day the patient felt that joint move- 
ments were freer and he began walking with 
mechanical aids. Fifty-five days after the 
pumping the patient was started on a 200 gm. 
protein diet supplemented by intravenous 
protein feeding. Physiotherapeutic and gen- 
eral supportive measures were continued. On 
a graduated activity program he became 
reambulated. One hundred and thirty-eight 
days following the pumping the initially 
noted beneficial effects were still present. 
Upon discharge in February, 1947, he had 
regained 34 pounds, was ambulatory, and 
was retaining his Speransky effects. 


TypHor VACCINE-AUTOHEMOTHERAPY 
Aone. Three patients with clear-cut 
rheumatoid arthritis were treated with 
typhoid vaccine-autohemotherapy alone. 
In all of these patients there was elimina- 
tion of joint pain, a marked decrease in 
joint swelling, and an increase in joint 
mobility usefulness. Following a depres- 
sion of appetite during the febrile state, 
there was considerable improvement in 
appetite following the treatment. There 
was no effect on the jelling or other changes 
in the vasomotor manifestations of the 
disease. The sedimentation rates showed 
no decrease and in some cases showed an 
increase. There were no ill effects. 


Case 3. Mrs. H. B., a 24 year old white 
female, admitted on December 2, 1946, had 
typical spindling of the proximal interphal- 
angeal joint of the left second finger, 
enlarged and tender second metacarpo- 
phalangeal joints bilaterally, enlargement 
and limitation of range of motion in the 
right wrist, and tenderness of the small joints 
of both feet. There had been no weight 


loss. The blood sedimentation rate was 
30 mm. in 1 hour and there was no anemia. 

The onset of the illness had been 3 years 
previously, following the birth of a second 
child. Initially there had been acute swelling 
and soreness of the small joints of the feet 
with associated periarticular redness and 
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tenderness and migration to involve the 
fingers, wrists, knees and shoulders. In the 
course of the 3 years prior to admission, the 
patient had been variously treated by 15 
doctors without appreciable benefit. 

After admission to this hospital, the 
patient received a course of 6 fever treat- 
ments with typhoid vaccine and blood with 
good febrile responses. Thirteen days after 
admission she was discharged with objective 
and subjective improvement; final evaluation 
was withheld until she had returned to full 
activity. Upon discharge the patient was 
given nicotinic acid to be taken in 200 mg. 
doses (taken in 2 doses of 100 mg. each at 
15 minute intervals) twice daily before the 
noon and night meal for its cutaneous flush- 
ing effect. A recheck 1 month following dis- 
charge from the hospital revealed no joint 
symptoms except for residual periarticular 
thickening about the right wrist and tender- 
ness about the small joints of the right foot. 
There was increased range of motion in the 
right wrist, and all metacarpo-phalangeal 
tenderness and joint limitation had subsided. 
There had been slight improvement in jel- 
ling. However, there had been only a slight 
change in the other subjective peripheral 
vasomotor complaints, and the jelling with 
barometric changes which previously had 
been a major complaint persisted in some 
degree, in spite of the fever sessions and the 
nicotinic acid flushes. 


CoMBINED SPERANSKY AND FEVER 
THERAPY. Seventeen patients were 
treated with a combination of Speransky 
spinal pumping and typhoid vaccine- auto- 
hemotherapy. Of this group, 14 were clear- 
cut cases of rheumatoid arthritis and 2 
were arthritides probably of the rheu- 
matoid type. 

The patient with Marie-Striimpell arth- 
ritis received no benefit from either the 
Speransky procedure or from the course of 
typhoid vaccine-autohemotherapy. 

Of the 2 probable rheumatoid cases, |, 
an intermittent hydroarthrosis case, re- 
ceived moderate benefit from the spinal 
pumping and was considerably improved 
following the 6 fever treatments. The 
second probable rheumatoid patient ob- 
tained marked improvement in his vaso- 
motor and fibrositic symptoms from the 
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spinal pumping, and in the course of his 
typhoid vaccine-autohemotherapy 
joint manifestations subsided completely 
so that he could be promptly discharged 
from the hospital. 

Of the remaining 14 patients, 4 had been 
treated initially with spinal pumping alone 
and required additional therapy. Of these 
4, one remained only slightly improved fol- 
lowing the use of typhoid vaccine-auto- 
hemotherapy, while the other 3 promptly 
went into remission. 

Of the 14 true rheumatoid arthritics 
receiving the combined treatment, 2 felt 
that the spinal pumping had been of no 
benefit, 4 felt only slight improvement, 6 
were moderately improved, and the re- 
maining 2 were markedly improved. On 
the other hand, of this same group, 5 felt 
that the additional typhoid vaccine-auto- 
hemotherapy was of maximum benefit, 6 
felt it of marked benefit, 3 were moder- 
ately improved and in only 1 case was the 
response of slight or doubtful value. This 
latter patient was the same who had 
received minimal benefit from the spinal 
pumping. 

The subjective and objective results 
from the use of the combined treatment 
were those described for the Speransky 
pumping and the fever when used singly. 

There was no consistent effect on the 
sedimentation rate of the blood. 

In 2 of the cases so treated, the immedi- 
ate beneficial results were not sustained, 
and there was a subsequent recurrence of 
activity. These patients are currently still 
hospitalized and they have not yet re- 
ceived further pumping or fever, so that 
the ultimate prognosis is still questionable. 

The average age of the patient in this 
group was 42 years; the average duration 
of his arthritis 20 months. 


Case 4. C. F. P., a 56 year old white male 
admitted on January 25, 1946, was in a 
primary attack of rheumatoid arthritis in- 
volving the knees, hands, and fingers. There 
Was a progression with involvement addi- 
tionally of the knees, ankles, and shoulders, 
so that the patient became bed fast. He 
was variously treated with chrysotherapy 


(1000 mg.), numerous physiotherapeutic 
modalities, prostigmine, and general suppor- 
tive measures, but with persistently unfavor- 
able progress. 

In July, 1946, he was discharged unim- 
proved. When readmitted to the present 
arthritic service in August, 1946, he was 
experiencing such severe joint pain that he 
could not move. There was enlargement and 
tenderness of both knees with marked quad- 
riceps wasting, enlargement and moderate 
tenderness of the proximal interphalangeal 
and the metacarpo-phalangeal joints bilater- 
ally, enlargement and moderate tenderness 
about the wrists and elbows and adduction 
contractures of both shoulders. The blood 
sedimentation rate was 30 mm. in 1 hour. 

On August 15, 1946, the patient was given 
a Speransky spinal flushing without adverse 
effects. Two days later he reported sub- 
jective decrease in joint pain and improve- 
ment in joint mobility. By the 4th day 
there was no residual pain or joint distress; 
objectively there appeared to be increased 
joint motion. On the 6th day the patient 
walked with support and by the 12th was 
walking on crutches to the Ship Service 
store. By the 17th day he was getting in 
and out of the bathtub without support. 
By the 44th day after the pumping there 
was some beginning return of joint stiffness 
in the hands and by the 65th day there was 
appreciable return of arthralgic symptoms. 
These latter persisted and increased so that 
on the 75th day following the initial Sper- 
ansky treatment the patient was given a 
2d spinal flushing, and again there was bene- 
ficial response. The patient noted then that 
he could lie on either side and could sleep 
with his arms under his pillow. On the 
115th day a course of typhoid vaccine- 
autohemotherapy treatments was initiated; 
over the next month 6 good febrile responses 
were induced. On January 21, 1947, the 
patient received a 3d spinal flushing, and 
on January 27, 1947, 5} months following 
readmission, he was discharged from the 
hospital. In the course of his stay in the 
hospital the patient received general sup- 
portive therapy, including high protein feed- 
ing, accessory intravenous Amigen and 
plasma therapy, local Roentgen ray therapy 
to the periarticular thickening and edema 
about the carpo-metacarpal joints of both 
hands, physical therapy, and a graduated 
exercise-activity program. Upon discharge 
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he was symptomatically quiescent and ambu- 
latory. The sedimentation rate remained 
static, 26 to 30 mm. in 1 hour throughout 
the hospital stay. 

Case 5. R. V. B., a 56 year old white 
male admitted on September 4, 1946, came 
to the hospital in a wheelchair. He was 
unable to stand and had to be lifted from 
the chair to his bed. There was marked 
swelling, tenderness and increased local heat 
about the right wrist, the first metacarpo- 
phalangeal joint, the right elbow, both knees, 
and both ankles. There was marked muscle 
wasting about the involved joints and the 
patient reported a weight loss of 45 pounds 
in the preceding 4 months. The sedimenta- 
tion rate on admission was 26 mm. in 1 hour 
and there was an anemia, with 3.6 million 
red cells per c.mm., and 9 gm. of hemoglobin. 

In May, 1946, 4 months prior to admis- 
sion, the patient had developed acute tender- 
ness and swelling of the left second toe with 
progression to the right knee and later to the 
left knee, the right hand, the right elbow, 
the right wrist and shoulder, and both 
ankles. He had received no treatment for 
his arthritis prior to admission. 

On September 28th the patient was given 
a Speransky spinal pumping. For several 
days there was subjective decrease in joint 
pain and increased joint mobility but this 
was quickly transient, and, in retrospect, it 
was not considered significant. On October 
29th a course of chrysotherapy was begun 
and a total of 500 mg. (Myochrysine) was 
given with no subjective or objective im- 
provement. On January 13, 1947, the patient 
was given a spinal flushing and again there 
was no significant effect. On January 14, 
1947, typhoid vaccine-autohemotherapy was 
begun and in the course of the next month 
the patient received 6 sessions with good 
febrile responses to each. Following the 3d 
fever, joint pain had markedly decreased 
and joint mobility had appreciably increased, 
so that the patient was able to begin stand 
balance exercise preparatory to reambula- 
tion. With each subsequent fever session 
there was marked improvement. There was 
improvement in appetite, general sense of 
well-being, and increase in weight. The 
patient was graduated to more and more 
active exercises in the remedial exercise 
gymnasium. Three months following initia- 
tion of the typhoid vaccine-autohemotherapy 
regimen the patient was ambulatory; he had 
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regained muscle bulk and muscle strength 
and 20 pounds of weight. There was residual 
slight heat and swelling about the left ankle 
and slight non-tender swelling about the 
right first metacarpal head. In the course 
of his management the patient had received 
a trial of prostigmine with minimal benefits; 
he had received intramuscular liver and ora] 
iron preparations for his anemia, general 
supportive measures, and daily physical 
therapy. During the course of treatment 
the sedimentation rate has remained 26 to 
30 mm. in 1 hour. 


Discussion. The attempt to treat rheu- 
matoid arthritis from a vascular approach 
is presented because of the definite effect 
produced in a relatively short period of 
time on an otherwise progressive disease. 
Nine patients demonstrating true rheu- 
matoid arthritis were treated with spinal 
pumping alone. One patient with psoriatic 
arthritis and one with Marie-Striimpell 
arthritis were also subjected to this pro- 
cedure. 

It is difficult to postulate the mechanism 
of the action of the Speransky procedure. 
In his interpretation of disease, Sper- 
ansky'® begins with the assumption that 
all disease represents an alteration in the 
general physiology of the body so that a 
new entity, or being, is produced. This, 
he reasons, is mediated through the nerv- 
ous system; spinal pumping under such 
circumstances, he theorizes, produces an 
irritation of the nervous system and thus 
alteration of the pathologic nerve path- 

rays and patterns, and production of new 
pathways and patterns. No attempt is 
made here to explain or theorize on the 
physiologic basis for the effects of spinal 
pumping, but rather to present the results 
obtained in this small series. 

The patients treated in this series con- 
stituted a group that could be seen daily, 
living in a service hospital. All patients 
had had their disease for a long enough 
period of time to be classified as chronic 
cases; the duration of the disease in the 
patients receiving the pumping alone 
ranged from 1 to 22 years. The average 
age of the patients was 34 years. With the 
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exception of the case with psoriatic arthritis 
and that with Marie-Striimpell arthritis, 
all patients had received some standard 
forms of therapy, including chrysotherapy, 
physical therapy, prostigmine, and others, 
and all had failed to demonstrate any 
evidence of impending remission. Of 
the 9 rheumatoid arthritics treated, 8 
were complete bed patients. All of the 
patients demonstrated evidence of ac- 
tivity such as anemia, increased blood 
sedimentation rates, and active joint in- 
volvement. In these patients with frank 
rheumatoid arthritis the response to 
pumping occurred within 48 hours. The 
patients noticed increased warmth in their 
extremities, and the severity of the pain 
in joints decreased, so that the patients 
attempted to move previously fixed joints. 
This observation is similar to that of 
Gillman and Gillman.’ In 1 patient the 
crippling muscle spasms of the left leg 
were entirely eliminated and have not 
reappeared even with extensive exercise, 
orthopedic manipulation, and later hip 
arthroplasty; his response has persisted 9 
months. In another patient (Case No. 2), 
similarly marked changes were noted and 
have persisted until the present, 9 months 
following the procedure. Objectively the 
increased peripheral temperature and the 
resultant increased desire to move joints 
were the most notable effects. In deformed 
joints of long standing, with or without 
Roentgen ray evidence of fibrous ankylo- 
sis, little to no change was noted in joint 
mobility. Because of pain diminution in 
joints, patients attempted to walk in many 
cases; this might easily be interpreted as 
an actual increase in joint mobility. In 1 
patient with intermittent hydroarthrosis 
who was previously unable to get out of 
bed without considerable pain and result- 
ant increase in joint effusion, a diminution 
in joint pain was noted following the 
pumping and he was soon walking about 
with the aid of crutches and later without 
any assistance. His joint effusion de- 
creased with the increase in his joint 
motion; this would tend to support the 
opinion of Muller® that intermittent pres- 


sure such as is caused by the physiological 
function of the joint assists the nutrition 
of the joint structures, particularly the 
joint cartilages. 

In their observations, Gillman and Gill- 
man’ reported the disappearance of sub- 
cutaneous nodules following spinal pump- 
ing and increased benefits following a 
second pumping. In the cases reported 
here, no such results were noted and in 
none of the patients did there occur any 
alteration in pathologically fixed joints or 
greater boosts in peripheral temperatures 
following repeated pumpings. In those 
patients responding to pumping initially, 
the peripheral temperatures never re- 
turned to the previous status. 

Five of the patients pumped developed 
severe headaches following the procedure; 
these persisted from 1 to 8 days and were 
the only ill effects noted. 

The patient with psoriatic arthritis 
demonstrated no alteration in his deform- 
ities and no changes in his skin lesions. 
The patient with Marie-Striimpell arth- 
ritis similarly showed no improvement 
from the procedure. 

About the same time as the above 
patients were being treated with Sper- 
ansky spinal pumping alone and observed 
for results, the use of artificial fever and 
autohemotherapy, in a modification of the 
technique described by Ishmael,’® was 
initiated, and 3 patients with rheumatoid 
arthritis received this form of therapy 
alone. Best and Taylor? have excellently 
discussed the benefits derived from a body 
chill and the subsequent febrile response. 
The center for chills has been well localized 
in the posterior aspect of the hypothalamus 
but the effect and reason for a chill have 
never been adequately explained. 

Dubois? has investigated the responses 
of the malarial individual and the normal 
individual to artificially induced chills and 
fevers; he demonstrated rapid elimination 
of extra heat in the normal and slow elim- 
ination in the malarial patient, the infer- 
ence being that there apparently is a 
tendency toward retention of heat and 
subsequent prolonged vasodilatation in 
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the diseased individual. It is known that 
individuals repeatedly exposed to fever 
and chills develop a general step-up in 
their body metabolism, a fact attributed 
by some authors to thyroid stimulation. 
Best and Taylor* suggest that the elabora- 
tion of antibodies is facilitated and perhaps 
made possible only by high fevers. Ish- 
mael’® states that while the effects of 
autohemotherapy are not clearly under- 
stood, one effect is apparent and that is 
desensitization. 

Previous use by these authors of exter- 
nally induced hyperthermia in the treat- 
ment of rheumatoid arthritis had been 
disappointing. Soloman and Stecher,'’ and 
Martin® have reported the therapeutic 
effect to be short-lived and of a palliative 
nature. It was therefore speculated that 
chilling might play an important réle and 
that this together with the direct action of 
bacterial toxins upon the heat center or 
centers might effect a greater specific re- 
sponse and thus a better therapeutic effect 
for the patient. It was with this back- 
ground that an attempt was made to 
observe the efficacy of combined typhoid 
vaccine-autohemotherapy in the manage- 
ment of rheumatoid arthritis. 

Three patients were subjects to the 
typhoid vaccine and autohemotherapy; 
the results have been presented above. In 
2 of these patients who showed evidence 
of remission of their arthritis, there per- 
sisted complaints which appeared to be 
some of those benefited by the spinal 
pumping procedure. Therefore, it was 
decided to combine these two approaches 
to treatment and observe the effects. 

Seventeen patients were given the com- 
bined treatment of spinal pumping to- 
gether with typhoid vaccine autohemo- 
therapy. The results have been summar- 
ized previously in this article. During their 
chills the patients complained of rather 
severe pain particularly in their affected 
joints but during their febrile stages they 
experienced a feeling of well-being. Objec- 
tive evidence. of joint changes such as 
diminution in periarticular thickening, in- 
crease in joint motion, and, in some 
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patients, resorption of fluid in tendon 
sheaths became apparent after 4 or 5 
treatments. In 1 patient who had had a 
spinal pumping and was receiving chryso- 
therapy, evidence of joint activity became 
apparent. He had received 500 mg. of 
gold thiosulphate at that time. It was 
decided to repeat the spinal pumping 
and start the fever regimen. After. 3 ses- 
sions of typhoid vaccine-autohemotherapy 
fever, there was no objective evidence of 
residual joint activity; a total of 6 fever 
sessions were given and the patient’s dis- 
ease remained in remission. 

The optimum febrile response desired 
was a temperature ranging from 102 
to 104° and sustained for from 4 to 6 
hours. Fevers of less degree or of shorter 
length appeared to be less effective in the 
patients’ subjective 
sponses. In the course of 6 such bouts of 
fever, patients lost an average of 7 to 10 
pounds in weight, but this was usually 
readily compensated for within 2 weeks 
following cessation of the fever sessions. 

Frequently the fever curve showed 2 
rises, the first attributable to the typhoid 
vaccine and the second, 3 to 4 hours fol- 
lowing the chill, attributable to the absorp- 
tion of the blood. 

In the intervals between fever sessions, 
in order that they might experience as 
much comfort as possible, the patients 
were given nicotinic acid twice daily for 
its peripheral flushing effect. This was 
given twice daily on an empty stomach 
prior to the noon and evening meals in 
sufficient doses to produce subjective per- 
ipheral warmth. Doses of 200 mg. (100 mg. 
in 2 doses at 15 minute intervals) were 
usually adequate to produce the desired 
effect. 

Orner Measures. No effort has been 
made in this paper to elaborate upon the 
many supportive measures necessary in 
the overall handling of the arthritic. In 
brief, the use of chrysotherapy and prostig- 
mine has been uniformly disappointing. 
The use of various detailed dietary regi- 
mens and extensive bed rest alone have 
been non-productive, and the latter grossly 
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detrimental and responsible for atonicity, 
atrophy, and contracture-deformities in 
muscles. 

The use of physical therapy agents, in- 
cluding early remedial exercises and early 
reambulation training, together with occu- 
pational therapy, are important adjuncts 
to treatment and have been freely used. 
Braces are important for the prevention 
and the correction of deformities. 

In several more debilitated patients the 
use of high protein (200 gm.) diets to- 
gether with frequent supplementary intra- 
venous Amigen and plasma feedings has 
given excellent results. 

Roentgen ray therapy peripherally had 
been of no value in our cases. However, 
in cases of Marie-Striimpell arthritis 
Roentgen ray therapy, using the Freiberg 
technique, had been the most effective 
single agent in treatment. 

More recently glycine orally and nico- 
tinie acid orally have been used as sup- 
portive measures for their peripheral vas- 
cular effects. Conclusions cannot yet be 
drawn as to the relative merits of these 
substances, but the current impression is 
that the former is of little value because 
of the diarrhea and anorexia which fre- 
quently occur as side effects; nicotinic acid, 
on the other hand, in flush doses appears 
to be definitely of value in alleviating per- 
ipheral vasomotor symptoms. 

Summary. 1. In 27 cases of chronic 
arthritis, treatment has been directed 
along a vascular approach to the disease. 
All cases were patients who had been 
chronically ill for 1 to 22 years and who 
had been unsuccessfully treated with the 
gamut of usual therapeutic measures. 

2. In 1 case of psoriatic arthritis and 1 
case of Marie-Striimpell arthritis, the use 
of Speransky spinal pumping was of no 
effect. 

3. In 9 cases of clear-cut rheumatoid 
arthritis treated with Speransky pumping 


immediate beneficial 
effects in 7 instances. In 1 case the re- 
sponse was minimal. In the remaining 
case there had been no subjective com- 
plaints of a fibrositic or vasomotor nature 
and in this patient there were no effects 
noted from pumping alone. 

4. Three rheumatoid arthritis patients 
treated with typhoid vaccine-autohemo- 
therapy alone showed prompt remission of 
their disease, but no alleviation of their 
peripheral fibrositic and vasomotor symp- 
toms. 

5. One patient with Marie-Striimpell 
arthritis was treated with a combination 
of Speransky spinal pumping and typhoid 
vaccine-autohemotherapy with negative 
results. ' 

6. Four rheumatoid arthritis patients, 
who had initially been treated with Sper- 
ansky pumping alone but whose activity 
continued, were later treated with a com- 
bination of spinal pumping and fever ther- 
apy. Three of these patients promptly 
went into remission while the fourth was 
only slightly benefited. 

7. Two patients with probable rheu- 
matoid arthritis were treated with a com- 
bination of pumping and fever; both im- 
proved markedly, were reambulated and 
discharged in remission. 

8. In the other 10 rheumatoid arthritis 
patients treated with the combination of 
pumping and fever, improvement was ob- 
tained. In 2 cases there were subsequent 
acute flareups in other joints; these latter 
cases are still hospitalized. 

9. Of the 14 rheumatoid arthritis pa- 
tients treated with a combination of 
Speransky spinal pumping and typhoid 
vaccine-autohemotherapy only 1 patient 
remained unimproved. 

10. In all cases the major effect from 
use of the Speransky pumping was in 
alleviating peripheral fibrositic and vaso- 
spastic symptoms. 


alone there were 
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DISSECTING ANEURYSMS 


A PRESENTATION OF TEN CASE REPORTS AND A CORRELATION OF CLINICAL AND 
PATHOLOGICAL FINDINGS 


By ALBert S. Warren, M.D. 
FORMERLY RESIDENT IN MEDICINE 
AND 
ALBERT L. McQuown, M.D. 


RESIDENT IN PATHOLOGY 
NEW ORLEANS, LOUISIANA 


(From the Departments of Medicine and Pathology, Tulane University of Louisiana, and the 
Department of Pathology, Charity Hospital of Louisiana) 


StncE Shennan’s classical monograph in 
1934, the literature on dissecting aneu- 
rysms has increased progressively. An 
excellent review of recent American writ- 
ings together with a report of 19 cases 
from this hospital was published in 1940 
by Holland and Bayley.” One of these 
cases was previously studied by Schatten- 
berg and Ziskind™® and a thorough discus- 
sion of the pathology is included in their 
More recently Bay? and Reich" 
have added an extensive bibliography on 
the subject. Both of these authors direct- 
ed attention to the protean manifestations 
of the disease. We report 10 additional 
cases and present a correlation of clinical 
and pathologic findings, based on the 
material of others as well as our own. 

Definition and Pathology. By defini- 
tion, a dissecting aneurysm is hemorrhage 
within the media of the aorta, with or 
without an opening in the intima. It dif- 
fers from a true aneurysm in that, there 
is no sac formed by the walls of the vessel 
involved. Most recent authors, in accord 
with the views of Moritz® on the patho- 
logic changes found in dissecting aneu- 
rysm, describe typical findings of idio- 
pathic cystic medial necrosis. This may 
or may not be associated with atheroscler- 
osis or syphilitic aortitis. No definite, 
single etiologic factor is responsible for 
all cases. A number of degenerative proc- 
esses may involve the aorta or its main 
branches and any one of them may prepare 
the way for a dissecting aneurysm. 


paper. 


The most common pathologic change in 
the aorta is atherosclerosis. However, 
this has been minimized as a cause of dis- 
secting aneurysm. Atherosclerosis, more 
frequent in the aged, involves chiefly the 
intimal layer of the aorta with lipoid 
deposits, calcification and ulceration. The 
media, which contains the principal sup- 
porting structures of the aortic wall, is not 
often seriously damaged in atherosclerosis. 
This probably accounts for the lack of 
correlation between atherosclerosis and 
dissecting aneurysm. The former, as 
mentioned above, is very common while 
dissecting aneurysm is a relatively rare 
disease. Nevertheless some degree of 
atherosclerosis is present in the majority 
of cases of dissecting aneurysm. Necrosis 
of the media of the aorta is characterized 
by basophilic mucinous substance in the 
media, with necrosis and weakening of 
the elastic tissue. This process appears 
to be the basic factor in most cases of 
spontaneous rupture of the media, with 
or without an intimal tear. The frequent 
finding of a large dissecting aneurysm 
without intimal rupture may be due to 
injury of the vasa vasorum by this proc- 
ess. The occurrence of necrosis of the 
media with atherosclerosis cannot be 
minimized as a contributing cause of 
medial dissection. 

Syphilis may attack all layers of the 
aorta, but characteristically produces de- 
struction of the media and elastic tissues. 
Small mononuclear round cell infiltration 
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of the wall of a saccular aneurysm is con- 
sidered diagnostic of syphilis. This proc- 
ess may cause medial dissection but as an 
etiologic factor it is unimportant. The 
incidence of syphilis in the cases of dis- 
secting aneurysm in this hospital approx- 
imates the incidence of syphilis in the 
general hospital population." 

Although the recent South American 
literature has proposed that mechanical 
trauma is an important factor in the path- 
ogenesis of dissecting aneurysm, we have 
found nothing in the English literature 
or in our own experience to support this 
belief. Rheumatic fever, various toxic 
states and congenital vascular defects 
apparently play little, if any, réle.® 

The formation of a dissecting aneurysm 
usually involes a transverse tear 1 to 
4 cm. in diameter through the aortic 
intimal layer. The blood then dissects 
down the previously weakened medial 
layer for a varying distance, depending 
on the degree of medial involvement. It 
may rupture into the aorta at another 
point and, with endothelization of the 
channel, will produce a double aortic 
lumen. Occasionally there may be slight 
dissection down the media with apparent 
recovery, to be followed later by a second 
severe dissection resulting in death. Death 
may be due to external rupture through 
the adventitia into a body cavity or into 
the supporting tissue, or it may be due to 
extension with obstruction of the arterial 
trunks arising from the aortic tree. This 
obstruction is produced by further exten- 
sion of the aneurysm from the media of 
the aortic layer down the medial layer of 
the branch with occlusion of the lumen by 
internal compression. 

Incidence. As stated above, the inci- 
dence of dissecting aneurysm is quite low. 
Glendy et al.'® list its occurrence as 1 in 
430 autopsies. The incidence in this 
hospital for the past 10 years (604,788 in- 
patient admissions) is 1 in 454 autopsies. 

Clinical Picture. The aorta is the chan- 
nel of blood supply to all systems of the 
body and any disturbance will produce 
pathologic changes. The manifestations 
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of obstruction to the blood supply are 
both protean and dramatic. Several ex- 
cellent articles have recently appeared 
which emphasize the varied symptoma- 
tology resulting from medial dissection of 
the aorta.?'°-!72! An increasingly large 
number of these cases are being diagnosed 
antemortem. With the early diagnosis in 
mind, and stimulated by the unusual find- 
ings at autopsy in 5 recent cases in this hos- 
pital, we are presenting 10 new cases. More 
important, we would like to direct atten- 
tion to the close relationship between the 
clinical symptoms and the pathologic 
anatomy in each case. 

A study of the pathologic specimens per- 
mits the division of cases into separate 
anatomic groups. According to the por- 
tion of the aorta involved, we suggest a 
division of cases of dissecting aneurysm 
into 8 groups (Fig. 2). Since the aorta 
is the site of practically all dissecting 
aneurysms, it is logical to begin at its 
origin and proceed along its course. 

Group 1. The first vascular system to 
be involved by dissection of the aorta is 
that of the heart itself. The coronary 
arteries, as they arise from the aortic 
sinuses, are frequently compromised by 
disease of the ascending aorta (Fig. 1, A). 
Medial dissection in this region is usually 
followed by both a proximal and a distal 
extension of the dissection and may result 
in obliteration of the coronary circulation. 
Dissecting aneurysms of the _ intraperi- 
cardial portion of the aorta have been 
known to produce myocardial infarc- 
tion, aortic insufficiency,® cor pulmo- 
nale? and cardiac tamponade with peri- 
carditis.' Of the 29 cases studied in this 
hospital, including 19 cases of Holland 
and Bayley," 9 have been complicated by 
hemorrhage into the pericardial cavity. 
The clinical criteria are substernal pain, 
dyspnea and shock associated with the 
electrocardiographic evidence of myocard- 
ial disease. 

Group 2. Dissection of the thoracic 
aorta distal to the pericardial reflection 
may produce symptoms suggestive of car- 
cinoma of the lung, hypostatic pneumonia 
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or massive hemothorax with shock." It 
is interesting to note that when rupture 
of a dissecting aneurysm occurs intra- 
pleurally the hemothorax is almost always 
confined to the left pleural cavity. The 
clinical criteria are cough, hemoptysis, 
chest pain and clinical or roentgenologic 


evidence of compression of the lung 
(Fig. 1, A). 
Carotid 
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when there was selective obstruction of 
1 carotid artery. The clinical criteria are 
homolateral blindness with contralateral 
flaccid paralysis, hemianesthesia and apha- 
sia. These neurologic manifestations have 
not been recognized generally and in fact 
are probably quite rare, since the inferior 
aspect of the arch is more frequently 
involved (Fig. 1, A). 
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-A, Sketch of a coronal section of the thoracic aorta showing occlusion by a dissecting aneu- 


rysm of (1) coronary artery, (2) bronchial artery, (3) carotid artery, (4) subclavian artery. B, Sketch 
of coronal section of the abdominal aorta showing occlusion of (5) intercostal arteries, (7) renal artery 


and (8) common iliac artery. 


C, Sagittal view of the abdominal aorta showing medial dissection of 


the anterior aortic wall resulting in occlusion of superior mesenteric artery (6). 


Group 3. Involvement of the convex 
surface of the arch of the aorta may em- 
barrass the carotid circulation and pro- 
duce a clinical picture resembling cerebro- 
vascular accident. Weisman and Adam*™ 
in an excellent paper described a neuro- 
logic syndrome which occurs in such con- 
ditions. They used the term “carotid 
hemiplegia” to denote the changes found 


Group 4. Obstruction of the subclavian 
artery or arteries by a dissecting aneurysm 
may produce symptoms similar to those 
of peripheral vascular disease. Ischemic 
necrosis of the upper extremity occurs as 
a result of sudden and complete obstruc- 
tion of the subclavian artery! (Fig. 1, A). 
These findings thought to be typical of 
thromboangiitis obliterans or arterial em- 
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bolism may result in surgical procedures 
for the relief of acute arterial obstruction.” 
The clinical criteria are sudden pain, cy- 
anosis, loss of heat and flaccid paralysis 
of the arm, associated with an absence of 
pulsation of the brachial artery. 


Coronary arteries 


Bronchial artenes 


Y 


horn cells and the gray matter of the cord, 
especially in the thoracic area." Occlusion 
of the ostia of the intercostal arteries in 
the lower thoracic and abdominal aorta 
may produce ischemic necrosis of the spinal 
cord (Fig. 1, B). The clinical picture of 


Carotid arteries 
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Fic. 2.—Schematic drawing demonstrating the 8 anatomic divisions of the aorta. The main 
arterial trunks arising from the aorta are indicated. 


Group 5. The next main arterial sys- 
tem frequently implicated includes the 
intercostal, lumbar and sacral arteries. 
These paired segmental arteries arise from 
the posterior wall of the aorta at each of 
the lower 9 thoracic spaces, at 4 (or 5) 
lumbar interspaces, and several pairs also 
arise from the middle sacral artery. Each 
of these segmental arteries supplies a 
branch which enters the spinal canal via 
the intervertebral foramen and communi- 
cates with the anterior spinal artery. The 
anterior spinal artery furnishes the major 
portion of the blood supply of the anterior 


transverse myelitis may result.% Not all 
dissecting aneurysms produce this neuro- 
logic picture. Several factors determine 
whether the blood supply to the anterior 
spinal artery will be impaired. The inter- 
costal, lumbar and sacral arteries vary as 
to their site of origin from the posterior 
wall of the aorta.’ Dissection of the aorta 
usually occurs on the anterior or ventral 
wall and frequently extends in a spiral 
fashion. Weisman noted that most of his 
cases of neurologic complications were in 
elderly individuals in whom the circulation 
had already been impaired by atherosclero- 
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sis. The clinical criteria are flaccid paral- 
ysis and diminished sensation distal to 
the obstruction of the intercostal arteries. 

Group 6. Extraperitoneal rupture or 
dissection into the mesenteric arteries may 
simulate intrinsic disease of the gastro- 
intestinal tract (Fig. 1,C). Symptoms 
suggestive of mesenteric thrombosis, ileus, 
malignancy of the bowel or hernia may 
confuse the examiner and lead to surgical 
intervention. The diagnosis of acute col- 
itis or enteritis may be suggested by the 
sudden onset of dysentery associated with 
cramping abdominal pain. Holland and 
Bayley reported a case of gangrene of the 
entire small intestine resulting from in- 
volvement of the superior mesenteric 
artery by a dissecting aneurysm." The 
clinical criteria are sudden onset of ab- 
dominal pain, hematemesis or melena, 
together with physical or roentgenologic 
evidence of intestinal obstruction. 

Group 7. The renal arteries are fre- 
quently compressed by dissection of the 
abdominal aorta and the resulting infare- 
tion of the kidney may produce symptoms 
compatible with renal colic® or nephro- 
lithiasis. The clinical criteria are sudden 
onset of lumbar pain, with or without 
radiation into the groin, associated with 
the laboratory findings of albumin, casts 
and blood in the urine. Medial dissection 
of the lower abdominal aorta usually 
involves several of the large arterial 
trunks and the above criteria may facili- 
tate clinically the exact localization of the 
aneurysm? (Fig. 1, B). 

Group 8. Last, but by no means infre- 
quent, is the involvement of the common 
iliac arteries by extension of an abdominal 
aneurysm. Medial dissection frequently 
begins in the arch and extends along the 
entire length of the aorta, terminating 
usually at the first branch of the common 
iliac artery (Fig. 1, B). The resulting 
arterial obstruction may produce ischemic 
necrosis of the extremity. The criteria 
are sudden pain, cyanosis, loss of heat and 
flaccid paralysis associated with an absence 
of pulsation of the femoral artery. 


Discussion. An appreciation of the 
basic pathology common to all cases of 
dissecting aneurysm will improve the 
accuracy of the clinical diagnosis, As 
stated in the premise, we believe that the 
anatomic division of such cases will aid 
the clinician in correlating the symp- 
toms with the actual pathologic changes. 
Classically the symptoms of dissecting 
aneurysm consist of sudden, severe, “ knife- 
like” pain in the substernal area followed 
by extension of the pain posteriorly and 
inferiorly. A considerable number of these 
cases, however, begin with pain below the 
diaphragm associated with symptoms sug- 
gesting primary gastro-intestinal or genito- 
urinary disorders. As a result, disease of 
the abdominal aorta is usually not sus- 
pected. 

We do not wish to imply that all cases 
of dissecting aneurysm fall into a single 
anatomic group. On the contrary, the 
majority of cases coming to autopsy show 
involvement of several vascular systems. 
The resulting symptoms may be used to 
advantage by the clinician as a guide in 
determining the origin, extension and ter- 
minal complications of dissecting aneu- 
rysms. 

In the past 6 months we have autopsied 
5 cases of dissecting aneurysm. The cor- 
rect diagnosis was made antemortem in 
3 cases, 1 of which was diagnosed at surgi- 
cal exploration of the abdomen. The re- 
maining 5 cases were taken from the files 
of this hospital. 


Case Report. Case 1. A 50 year old 
colored male was admitted with a history 
of sudden, severe, cramping abdominal pain 
of 1 week’s duration. The pain extended 
straight back to a point just beneath the 
scapula and around to the right flank. He 
vomited a considerable amount of bitter 
material and felt some relief. Since the 
first attack, he had had several recurrences 
of pain but no further emesis. The patient 
was well developed and well nourished and 
appeared about the stated age. There was 
a marked arcus senilis and the pupils reacted 
to light and accommodation. The lower 
lids were very pale. There was no. general 
glandular enlargement but the epitrochlear 
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and inguinal nodes on the right were palp- 
ably enlarged and not tender. The heart 
was enlarged to the left, with the point of 
maximal impulse located in the sixth inter- 
space 11.5 cm. to the left of the midline. 
There was a localized thrust at the apex. 
The rhythm was regular and the aortic 
second sound was accentuated. The blood 
pressure was recorded as 230/150. The 
peripheral arteries were sclerotic. The lungs 
were clear to percussion and auscultation. 
In the abdomen, there was a slight promi- 
nence at the level of the umbilicus. Peristal- 
sis was visible on the left. The left rectus 
muscle was slightly more resistant than the 
right. Pressure over this area caused severe 
pain. In general the abdomen was flaccid 
and no viscera were palpably enlarged. An 
area of pain was located in the epigastrium 
3 fingerbreadths below the xiphoid process. 

The patient was allowed bathroom privi- 
leges and he remained asymptomatic for 
2 days except for occasional bouts of nausea. 
He experienced pain in the right shoulder 
for which he was given sedation. An Ewald 
test meal was conducted the 2nd _ hospital 
day and his condition was considered good. 
After returning from the bathroom, he 
suddenly became unconscious and died with- 
in 10 minutes. 

The clinical diagnoses entertained were 
gall bladder disease, malignancy of the 
stomach and tabetie crisis. 

Postmortem examination revealed a massive 
hemothorax on the left with collapse of the 
lung. <A dissecting aneurysm measuring 
2 cm. in thickness and 8 cm. in width was 
located on the convex surface of the descend- 
ing aorta. The aneurysm had ruptured on 
its convex surface into the left pleural 
cavity. On opening this aneurysm, it was 
seen to communicate with thé aorta through 
a ragged irregular defect 1 cm. in diameter. 
The aortic wall separating the aneurysm 
from the lumen of the vessel was very thin 
and friable. Medial dissection had extended 
down into the abdomen as far as the bifur- 
cation of the aorta and along the right 
common iliac artery to its first branch. 
The aneurysm did not completely surround 
the aorta but left about one-third of its 
circumference intact along the posterior 
surface. The intimal lining of the aorta 
in the abdominal region presented no gross 
changes. 
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Comment. 
volvement of the blood supply to the 
gastro-intestinal system resulting in ische- 
mic necrosis and is an example of Group 5 
The rupture into the left pleural cavity 
was undoubtedly terminal and accounted 


This case represents an in- 


for the sudden exitus. 


Case 2. This 32 year old colored male 
was admitted to the ward in a comatose con- 
dition. The clinical course was progressively 
downhill and he died 7} hours after admis- 
sion. The clinical diagnosis was myocarditis 
and hypostatic pneumonia. 

Postmortem examination revealed a dis- 
secting aneurysm of the descending portion 
of the thoracic aorta and upper portion of 
the abdominal aorta. There was a rupture 
into the left pleural cavity as well as a 
massive hemoperitoneum from rupture into 
the abdominal cavity. 


Comment. The rapid course in this case 
suggests sudden massive hemorrhages both 
above and below the diaphragm as the 
cause of death. The symptoms and patho- 
logic findings place this patient in Group 2. 


Case 3. A 48 year old white male was 
admitted with a sudden onset of precordial 
pain and indigestion which the patient 
attributed to eating oysters and drinking 
whisky. Shortly after admission his tem- 
perature, pulse and respiration were recorded 
normal. He refused to go to bed and said 
he wanted to go home in the morning. 
The morning after admission while sitting 
up in bed, he had a second attack of pre- 
cordial pain, became unconscious, sweated 
profusely and died 30 minutes later. The 
clinical diagnosis was coronary thrombosis. 

Postmortem examination revealed an enor- 
mous (4000 cc.) blood clot in the left pleural 
cavity. In the first portion of the descend- 
ing aorta there was a wide annular dissecting 
aneurysm which communicated with the 
aorta. On tracing the extent of the aneurysm 
down the thoracic aorta, hemorrhage was 
found within the mediastinum and finally a 
rupture into the pleural space on the left. 
The aorta showed numerous raised, edema- 
tous, intimal plaques with wrinkling and 
scarring throughout its course. Section 
showed a typical luetic process with medial 
degeneration and round cell infiltration about 
the small vessels in the adventitia and media. 


mai 
was 
reg 
of | 
at | 
enls 
que 
a SC 
apic 
The 
The 
The 
5 en 
ness 
of tl] 
T 
low 
bed, 
thel 
men 
sitti; 
pain 
bed. 
of ns 
the | 
of ps 
tensi 
vase! 
P¢ 
card; 
fresh 
base 
of th 
base 
ulcer 
adver 
in the 


as 
ca 
m«¢ 
wa 
cas 

( 
ad 
2 
for 
col 
pal 
dy 
swe 
an 
pas 
rey 


em- 
ded 
said 
ing. 
ting 
pre- 
ated 
The 
Osis 
nor- 
ural 
end- 
ting 
the 
rysm 
was 
lly a 
left. 


ema- 

and 
ction 
edial 
rbout 
\edia. 


WARREN, MC QUOWN: DISSECTING ANEURYSMS 215 


Hemorrhage into the medi- 
astinum produced symptoms suggestive of 
cardiac disease but no lesions were de- 
monstrable in the heart itself. The mas- 
sive hemothorax on the left was acute and 
was the immediate cause of death. This 
case falls into Group 2. 


Comment. 


Case 4. A 54 year old white male was 
admitted with a history of dizzy spells for 
2 years. He had had dyspnea on exertion 
for the past 3 weeks. The dyspnea had be- 
come worse but was not associated with 
pain. Shortly after the appearance of the 
dyspnea, edema of the legs and abdominal 
swelling occurred. Edema was progressive 
and the patient had been bedridden for the 
past 2 weeks. Examination on the ward 
revealed a well-developed and well-nourished 
man who was dyspneic on exertion. There 
was impaired resonance in the right axillary 
region together with a decrease in intensity 
of breath sounds. Moist rales were heard 
at both bases. The heart was moderately 
enlarged to the left with a rate of 98. Fre- 
quent ectopic beats were heard. There was 
a soft systolic murmur at the apex and the 
apical second sound was sharp and snapping. 
The aortic second sound was “bell-like.”’ 
The blood pressure was 204/154 in both arms. 
The liver was markedly enlarged, extending 
5 em. below the costal edge. There was dull- 
ness in both flanks and slight bilateral edema 
of the legs. 

The patient was digitalized, placed on a 
low salt diet and instructed to remain in 
bed. He refused to stay in bed but never- 
theless showed some symptomatic improve- 
ment until the 7th hospital day. While 
sitting by the bed, he was seized by a severe 
pain in the chest and collapsed across the 
bed. Shock rapidly intervened and in spite 
of nasal oxygen, morphine and aminophyllin, 
the patient expired 2 hours after the onset 
of pain. The clinical diagnoses were hyper- 
tensive cardiovascular disease and cerebro- 
vascular accident. 

Postmortem examination revealed the peri- 
cardial cavity distended with 300 cc. of 
fresh blood. A hematoma was found at the 
base of the heart, involving the adventitia 
of the aorta and the pulmonary artery. The 
base of the aorta showed an atheromatous 
uleer which had penetrated almost to the 
adventitia. There was a large hematoma 
in the right lower quadrant of the abdominal 


cavity. Section through the base of the left 
ventricle showed subepicardial hemorrhage 
and extensive atherosclerosis of the coronary 
arteries. Section of the aorta just above the 
valves showed necrosis of the media and 
extensive hemorrhage into the adventitia. 


Comment. It is difficult to say how great 
a part the dissecting aneurysm played in 
the early course of this man’s disease. His 
death by cardiac tamponade places this 
case in Group 1. 


Case 5. This 59 year old white male was 
seen in the admitting room and expired 15 
minutes later. He gave a history of sharp 
pain in the lower right quadrant of the 
abdomen and right hip which had appeared 
suddenly 2 hours previously. He had been 
healthy all his life, with no complaints other 
than a chronic inguinal hernia for which he 
wore a truss. The morning of admission, 
the patient suddenly fell to the floor and 
was forced to lie there unable to use his 
right leg because of “numbness.” Pain was 
severe and was eased only by intermittent 
flexion of the hips. The right inguinal 
hernia was easily reduced by the ambulance 
physician and the patient was brought to the 
hospital. His chest was hyperresonant to 
percussion but otherwise normal. The heart 
sounds were inaudible but the pulse was not 
rapid. Blood pressure was recorded only 
once as 96/84. A small non-tender mass 
was palpable per rectum just above a slightly 
enlarged prostate. A bloody diarrhea ap- 
peared during the examination in the ad- 
mitting room. The patient appeared to be 
in extremis and the examination was cur- 
tailed in order to get the patient to the ward 
as quickly as possible. Death occurred 
15 minutes after admission. The clinical 
diagnoses were strangulated hernia, multiple 
emboli and acute colitis or enteritis. 

Postmortem examination revealed the peri- 
cardial sac filled with 250 ce. of fresh blood. 
In the lumen of the small intestine was a 
pale, red, viscid fluid. The mucosa was con- 
gested but no definite bleeding site was 
established. The large bowel contained a 
small amount of similar fluid. No tumor 
mass or ulceration was found. No thrombus 
or other occlusion of the mesenteric vessels 
was demonstrated. The media of the tho- 
racic aorta was completely separated by a 
large blood clot. In the abdominal aorta 


only portions of the wall were separated. 
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The medial dissection extended down to the 
bifurcation of the abdominal aorta. The 
site of rupture into the pericardial cavity 
could not be found. In the intima were 
numerous superficial, yellow, atheromatous 
plaques with some ulceration but no definite 
communication with the media was seen. 
Section of the aorta revealed a disappear- 
ance of the elastic fibers of the media with 
thickening of the subintimal layer. 


Comment. As stated in the discussion 
of Group 6, we feel that in spite of the 
negative findings at autopsy, the rectal 
bleeding of the viscid red fluid found in 
the gastro-intestinal tract were related to 
interference with the mesenteric blood sup- 
ply. Similar cases have been reported.” 
Likewise the involvement of the pericardial 
cavity and the right common iliac artery 
places this unusual case in 3 of the anatom- 
ical groups. Disturbance of blood supply 
was evident in the heart, gastro-intestinal 
tract and in the lower extremity (Groups 1, 
6 and 8). 


Case 6. For the previous 3 months this 
67 year old white male had noted pain in 
the chest, cough and frequent hemoptyses. 
Lying on the right side relieved the pain. 
There was marked burning on urination. 
He denied all previous illnesses except 
“influenza.”’ Examination on admission re- 
vealed a temperature of 99° F., pulse 100, 
respiration 30 and blood pressure 134/86. 
The percussion note over the right chest was 
hyper-resonant. There were exaggerated 
breath sounds over the same area. The 
percussion note over the left base was dull, 
breath sounds were absent and moist rales 
were heard on auscultation. An erect poste- 
rior-anterior Roentgen ray of the chest re- 
vealed a marked enlargement of the left 
hilar shadow, with opacity radiating periph- 
erally. The lower half of the left hemi- 
thorax was opaque. The course in the 
hospital was progressively downhill. The 
patient complained of low back pain for 
which he was given narcotics. A non-pro- 
ductive cough continued and bronchoscopy 
was scheduled. After several days in the 
hospital, he was given scopolamine, 0.03 mg., 
and sent to the bronchoscopy room. En- 
doscopy was deferred, however, because the 
patient appeared too weak. He returned to 
the ward in poor condition and failed 
rapidly. He died quietly on the 30th hospital 


day. The clinical diagnosis was broncho- 
genic carcinoma of the left lung. 

Postmortem examination revealed both 
lungs adherent to the parietal pleura. After 
these adhesions were cut, a large fairly firm 
mass was found between the left costoverte- 
bral angle and the left lung. There was no 
direct attachment between the lung and this 
tumor mass, but it was continuous with the 
descending aorta. The upper portion of the 
pericardial cavity was distorted by the 
presence of a firm round tumor mass measur- 
ing 5 by 6 by 8cm. It was attached to the 
ascending aorta. Four em. above the aortic 
ring was an opening in the intima of the 
aorta. The dissecting aneurysm formed at 
this point measured 5 by 6 by 8 em. Its 
wall was 3 mm. in thickness after the well- 
organized blood clot was removed. The 
arch of the aorta contained both atheroma- 
tous and luetic plaques. Three cm. below 
the arch was another opening in the intima 
1 cm. in diameter. From this orifice arose 
a second large dissecting aneurysm measur- 
ing 19 by 17 by 11 em. which extended from 
this point down to the diaphragm. Its wall 
was composed of layered blood clots, some 
of which were well organized. The aneurysm 
reéntered the lumen of the aorta 2 cm. 
above the diaphragm. In the right iliac 
artery as it crossed the brim of the pelvis, 
was a third small dissecting aneurysm 2 cm. 
in diameter. 

Comment. This case adds another mem- 
ber to the long list of diseases which may 
simulate bronchogenic carcinoma.’ The 
symptoms presented here were undoubted- 
ly due to the ‘ 
rysm of the descending aorta which pro- 
duced disturbance to the pulmonary artery 
on the left. This is an example of Group 2. 


‘chronic”’ dissecting aneu- 


Case 7. Two days prior to admission 
this 72 year old white male experienced 
sharp pain localized in a left inguinal hernia 
which had been present for 8 years. At the 
onset of pain, the hernia became for the first 
time irreducible and associated with nausea 
and vomiting. On admission the pulse was 
90 and blood pressure was 114/70. He did 
not appear severely ill at the time. The 
abdomen was distended, peristalsis was in- 
creased and a tinkling sound was heard over 
the entire abdomen. Tenderness and rigid- 
ity were noted over the lower left quadrant. 
A small mass was palpable around the 
internal inguinal ring and the _ indirect 
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inguinal hernia was not reducible. Rectal 
examination was not contributory. At opera- 
tion soon after admission, a small indirect 
hernia was discovered. The cord structures 
contained large blood clots which had ap- 
parently dissected down from above. The 
hernia was reduced and the abdomen ex- 
plored through a larger incision. A massive 
retroperitoneal hemorrhage was found with 
blood clots extending from the left perirenal 
area to the spermatic cord. No active bleed- 
ing was noted and the peritoneal cavity 
appeared normal. His condition was good 
on closure and the blood pressure was re- 
corded as 104/90. Approximately 6 hours 
after admission, the patient suddenly became 
violently restless, pulled out his suction and 
intravenous tubing, went into deep shock 
and died. The clinical diagnoses were incar- 
cerated left inguinal hernia and retroperito- 
neal hemorrhage, probably dissecting aneu- 
rysm. 

Postmortem examination revealed numer- 
ous, elevated, yellowish plaques throughout 
the intima of the aorta. Many were calcified 
with superimposed ulceration. The latter 
had pale, gray, friable mural thrombi at- 
tached to their surface. Nine em. above the 
bifureation of the ‘aorta there was a 2 ecm. 
transverse intimal tear which communicated 
with a large dissecting aneurysm. The 
aneurysmal sac had completely encircled the 
aorta and extended from the intimal tear 
distally to the bifurcation. The aneurysm 
was filled with friable, yellow, atheromatous 
material and clotted blood. The retroperito- 
neal space contained clotted blood which 
extended from the diaphragm above, to the 
sacral region below and laterally to the edge 
of the rectus muscle. 


Comment. As was proved at surgery, 
this is an example of dissecting aneurysm 
producing intestinal ischemia and obstruc- 
tion. The retroperitoneal hemorrhage had 
dissected into the narrow inguinal canal 
and had interfered with the circulation to 
the incarcerated bowel. This is an exam- 
ple of Group 6 

Case 8. This 67 year old white male 
entered the hospital for the relief of urinary 
difficulties of 10 months duration. He com- 
plained of frequency, dysuria and radiating 
pain from the groin to the penis whenever 
he urinated. There had been no acute onset 
of symptoms and he was admitted for elec- 
tive treatment of prostatic calculi and acute 


cystitis. On admission his pulse was 78, 
blood pressure 130/85, and a thorough physi- 
cal examination revealed no other systemic 
disorders. A cystoscopic examination re- 
vealed a bladder tumor which was biopsied 
and the pathologist reported squamous cell 
carcinoma. Chills and fever followed the 
cystoscopic examination and he was not 
considered a good operative risk. Two weeks 
following admission when his condition had 
improved, a suprapubie urethral transplant 
and cystectomy were attempted under local 
anesthesia. After 50 ce. of 2% procaine 
had been injected beneath the rectus fascia, 
the patient suddenly complained of pain in 
the right hip, began to breathe deeply and 
expired. The clinical diagnosis was squa- 
mous cell carcinoma of the bladder. 
Postmortem examination revealed general- 
ized raised, yellow, calcified intimal plaques 
throughout the aorta. In the posterior wall 
of the abdominal aorta, 4 em. below the dia- 
phragm, a 4 cm. transverse intimal tear was 
found. This ragged opening was located at 
the lower edge of a large ulcerated atheroma- 
tous plaque and communicated with a dis- 
secting aneurysm which completely encircled 
the aorta and extended distally to involve 
5 em. of both common iliac arteries. The 
aneurysmal cavity contained friable, thick, 
chalky material and clotted blood. The inti- 
mal surface of the aorta overlying the 
aneurysmal sac, was covered with a large 
mural thrombosis. Mural thrombi were also 
found in the iliac arteries, especially the 
right, which was almost completely occluded. 


Comment. The sudden pain in the right 
hip was most likely due to the terminal 
and sudden occlusion of the right com- 
mon iliac artery. Death was caused by 
shock due to massive hemorrhage into the 
aneurysmal sac surrounding the abdom- 
inal aorta. This is an example of Group 8. 


Case 9. While playing cards, this 58 year 
old white male suddenly developed pain in 
his throat resembling a mass of food caught 
there. The pain was unbearable at first but 
after he walked a few minutes it became less 
intense and seemed to settle in the mid- 
sternal region. After 2 hours of rest, he 
walked home, took a mild laxative and went 
to bed. The pain persisted for the next 
6 days as a mild ache, aggravated by cough. 
On the day of admission, while rising from 
bed, he coughed and immediately experi- 
enced severe pain which seemed to shoot up 
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his back from his coccyx and settle in his 
abdomen. The pain was continuous and 
more severe when the patient was in the 
upright position. A cramping sensation 
was noted 6 inches above and below the 
knees. He was admitted 7 days after the 
onset of pain. There was a history of a 
penile lesion at 21 but he denied treatment 
for lues. He was well developed and well 
nourished and appeared severely ill. He com- 
plained bitterly of pain in the lumbar area 
which was aggravated by change in position. 
The heart was enlarged to percussion; the 
sounds were weak and distant. There was 
a diastolic murmur over the apex, loudest 
in the aortic area and a systolic murmur at 
the base of the heart. The pulse was 64 
and the blood pressure 108/98. All peripheral 
pulses were equal bilaterally. The abdomen 
was tender in the umbilical area but no 
masses or distention were noted. There was 
slight edema of the feet. Superficial and 
deep reflexes were normal. A spinal tap 
revealed a pressureof 130 mm. of water; 
the fluid was clear and chemical analysis 
showed protein of 30 mg. per 100 cc., chloride 
of 826 mg., glucose of 59 mg., a positive 
Kline and Kolmer test for syphilis and a 
colloidal gold curve of 0011111100. Urin- 
alysis revealed granular and hyaline casts 
with white blood cells in clumps. An electro- 
cardiogram was reported as being within 
normal limits. Twelve days after the onset 
of his pain and on his 5th hospital day, he 
suddenly complained of pain in his chest 
and very quickly died. The clinical diag- 
nosis was dissecting aneurysm of the aorta. 

Postmortem examination revealed the peri- 
cardial sac to be greatly distended, blue- 
black in color and filled with 500 cc. of 
clotted blood, many of the clots being ante- 
mortem. No tears were noted in site but 
on removing the organs intact, a transverse 
intimal tear 1 em. in length was found at 
the base of the innominate artery. This 
tear was into the medial layer of the aorta 
and the resulting aneurysm extended proxim- 
ally into the pericardial sac and distally to 
the bifurcation of the abdominal aorta. 
Extension into the pericardial sac was 
through several pin-point openings of the 
adventitia at the base of the aorta. The 
dissection almost encircled the aorta but in 
the abdominal portion was principally poste- 
rior and lateral. Complete obstruction of 


the lumen of the thoracic intercostal arteries 
was found as well as involvement of the 
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first 1 em. of both renal arteries. The renal 
arteries contained no thrombi however, and 
their lumina were not significantly narrowed. 
The intima of the aorta contained a few 
raised yellow plaques and the valves had 
some calcification. The coronary arteries 
were patent throughout. 

Comment. This case was diagnosed clin- 
ically on the basis of a sudden onset of 
severe chest pain followed by extension 
posteriorly and into the lower spine. The 
negative findings on electrocardiographic 
examination suggest that the hemoperi- 
cardium was a terminal affair and prob- 
ably accounted for the sudden death 
Similarly, the sudden death prevented the 
diagnosis of transverse myelitis which this 
man would probably have exhibited had he 
lived. This is an example of Groups 1 and 4. 


Case 10. While drinking whisky, this 
59 year old colored male developed pain in 
the right chest, inferiorly and posteriorly. 
The pain progressed to the posterior portion 
of the left chest and from there circled on 
either side of his trunk to meet anteriorly. 
Immediately he experienced numbness of the 
lower abdomen and legs. He was admitted 
2 hours later with flaccid paralysis of both 
lower extremities. On admission his pulse 
was 70, blood pressure 100/60 and tempera- 
ture 96.4° F. The patient was obviously 
in shock, being cold, clammy, perspiring and 
complaining of hot flashes. The heart was 
enlarged to percussion and the rhythm was 
regular. There was a loss of sensation below 
the level of the umbilicus. 
chill, he slept all night and had no further 
complaints until 19 hours after the onset of 
his illness. At this time he suddenly became 
dyspneic, cold and clammy and his pulse 
was rapid and “thready” in character. The 
blood pressure was not determinable. Treat- 
ment for shock was instituted but he became 
drowsy and an obvious anemia developed 
due to massive internal hemorrhage. The 
blood pressure was recorded terminally as 
80/60 but the patient failed rapidly and died 
on the 2nd hospital day. The clinical diag- 
nosis was dissecting aneurysm of the aorta 
with involvement of the vertebral artery. 

Postmortem examination revealed an aorta 
which showed evidence of both syphilis and 
atherosclerosis. The ascending portion of the 
arch showed longitudinal wrinkling and an 
occasional pearly gray, waxy plaque, as well 
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WARREN, MC QUOWN: 
as 2-few yellow raised plaques without ulcera- 
tion. A careful search of the intima revealed 
no tear. However, beginning at the junction 
of the arch and the descending aorta, the 
medial layer was separated by a large friable 
blood clot. This dissecting aneurysm meas- 
ured 5 mm. in thickness and extended down 
to the bifurcation of the aorta and into the 
left common iliac artery for a distance of 
3cm. The dissection had occurred posterior- 
ly and laterally and at no place encircled the 
aorta. The left renal artery was involved 
by an extension of the medial dissection 
and the lumen was further occluded by an 
antemortem thrombus. The aneurysm had 
ruptured medially into the mediastinum and 
it contained many large blood clots. <A 
small hematoma was noted beneath the peri- 
eardium about the base of the pulmonary 
artery. Both pleural cavities contained 
clotted blood from an extension of the 
mediastinal hemorrhage. Distally the aneu- 
rysm had penetrated the aortic hiatus and a 
large retroperitoneal hemorrhage was present. 

Comment. Clinically this man presented 
the symptoms of transverse myelitis with 
a sensory level at the tenth dorsal segment 
and a flaccid paralysis below this’ level. 
The pathologic findings were consistent 
with an infarction of the anterior spinal 
artery in the lower thoracic and lumbar 
areas. ‘This was the third case to be diag- 
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nosed antemortem and is an example of 
Group 5. 

Summary. 1. Ten cases of dissecting 
aneurysm are presented with a detailed 
study of the clinical and the pathologic 
findings. 

2. A brief review of the pathology is 
included, together with a discussion of 
the relative etiologic importance of (a) 
atherosclerosis, (b) idiopathic cystic medial 
necrosis and (c) syphilis. 

3. The incidence of dissecting aneurysms 
in this hospital for the past 10 years is 1 
in each 454 autopsies. 

4. The division of all cases of dissecting 
aneurysm into 8 anatomic groups is sug- 
gested and a correlation is made between 
the symptomatology and the pathologic 
findings. We believe this will aid in the 
antemortem diagnosis. 

5. The manifestations of the 8 anatomi- 
cal groups arise from a disturbance of the 
circulation to (1) the heart, (2) the lungs, 
(3) the brain, (4) the upper extremity, 
(5) the spinal cord, (6) the gastro-intes- 
tinal tract, (7) the genito-urinary tract and 
(8) the lower extremity. 

6. The schematic drawings are included 
illustrating the 8 anatomic groups. 


Burch of the Department of 


Dunlap of the Department of Pathology, School of Medicine, Tulane 


University of Louisiana, and to Dr. Emma S. Moss, of the Department of Pathology, Charity Hospital 


of Louisiana, New Orleans, La. 
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ALTHOUGH much has been learned dur- 
ing recent years about intravenous clotting 
and pulmonary embolism, the fundamental 
mechanisms involved and the pathologic 
physiology are not as yet well understood. 
A large part of our present knowledge has 
resulted from careful postmortem exami- 
nations and statistical studies of patients 
with thrombo-embolic disease. Since the 
work of Réssle,™ Neumann* and Fryk- 
holm* it has become widely recognized 
that the majority of venous thrombi orig- 
inate in the lower extremities, particularly 
in the deep veins of the calves and feet. 
Ninety-five per cent of the thrombi which 
lead to fatal pulmonary embolism are 
believed to occur in the veins of the legs.’ 
The importance of regarding phlebo- 
thrombosis and thrombophlelitis as funda- 
mentally different processes, as empha- 
sized by Ochsner and De Bakey,* has been 
widely accepted. In 209 autopsies in 
which there was thrombosis of the leg 
veins, Hunter and his associates® found 
no evidence of phlebitis in 92%. Others 


believe, however, that phlebothrombosis be- 
comes thrombophlebitis in the later stages 
and that in many patients there are char- 
acteristic features of both processes.*”* 
Ochsner*® has repeatedly emphasized that 
in thrombophlebitis, in which there is firm 
attachment of the clot to the vein wall, 
there is little danger of embolism, while 
phlebothrombosis is the common precursor 
of pulmonary embolism. 

The incidence of recognizable thrombo- 
phlebitis in postoperative surgical patients 
is between 1 and 2%.*" The incidence of 
phlebothrombosis is not known because of 
the frequent absence of signs and symp- 
toms. The finding of thrombosis of the 
lower extremities in more than 50% of 
persons dying of any cause in the latter 
half of life®® suggests that phlebothrombo- 
sis may occur more commonly than hith- 
erto suspected. Fatal pulmonary embolism 
occurs about once in every thousand opera- 
tions® and is the cause of about 5% of 
postoperative deaths.“ 

Although the basic abnormalities which 
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precipitate intravascular clotting are not 
known, a number of predisposing factors 
have been discovered. These have been 
reviewed by us in a recent report.® In- 
travenous clotting is thought to be pre- 
cipitated by slowing of the circulation, 
increased coagulability of the blood and 
injury to veins or perivenous tissues. In 
most patients with thrombo-embolic dis- 
ease one or more of these factors may be 
shown or presumed to be present. Ochs- 
ner*® believes that the fundamental abnor- 
mality is an increased coagulability of the 
blood, with circulatory stasis the precipi- 
tating factor. It appears likely that the 
observations of Knisely and his associates*’ 
on sludging of the blood may be helpful in 
clarifying the etiology of thrombosis. Re- 
cently two ingenious tests have been 
devised to demonstrate increased coagula- 
bility of the blood. These are the heparin 
tolerance test of De Takats?® and the 
modified prothrombin test of Brambel.” 
Both have shown an increased tendency of 
the blood to clot in patients with previous 
or active thrombo-embolic disease, follow- 
ing serious injuries, major operations, and 
in Buerger’s disease. Unfortunately neither 
test is sufficiently sensitive to detect sub- 
clinical thrombosis or to predict the occur- 
rence of thrombosis. 

A number of clinical factors have been 
shown to increase the incidence of throm- 
bosis and embolism, the most important 
being heart disease, major operations, 
severe injuries, obesity, cold weather and 
other vasospastic influences and debility. 
Fatal pulmonary embolism occurs more 
commonly in males than in females, the 
ratio being about 3 to 2. Fatal pulmonary 
embolism is predominantly a disease of the 
latter half of life. At the Hospital of the 
University of Pennsylvania 92% of all 
fatal embolisms occurred in patients above 
the age of 40.% In some instances fatal 
embolism may occur in young individuals 
in apparent good health.”* 

PropHyLaxis. A prophylactic approach 
to the problem of thrombo-embolism is 
desirable for two reasons.* First, throm- 
bosis frequently causes permanent damage 


to the femoral veins and their valves and 
is followed by the syndrome of chronic 
venous insufficiency, with edema, fibrosis 
and ulceration. This condition causes 
much suffering and disability, and treat- 
ment is often disappointing. Second, fatal 
pulmonary embolism often occurs without 
warning signs or symptoms that thrombo- 
sis has occurred. Death in such instances 
can be prevented only by the prevention 
of thrombosis or by the use of measures 
designed to prevent embolism if throm- 
bosis occurs. 

Ochsner*® believes “that most, if not all, 
cases of intravenous clotting can be pre- 
vented by the institution of prophylactic 
measures.” Many general prophylactic 
measures have been proposed, and a num- 
ber are in current use. The purpose of 
most of them is to prevent circulatory 
stasis. In most surgical clinics there is 
emphasis on deep breathing and leg exer- 
cises, prompt correction of anemia and 
electrolyte imbalance, frequent change of 
position in bed and prevention of hypo- 
tension and abdominal distention. Ravdin 
stresses avoidance of heavy sedation. 
Prophylactic measures which deserve spe- 
cial comment are early ambulation, anti- 
coagulants and femoral vein ligation. 

EarRLy AMBULATION. Since thrombosis 
and embolism follow confinement to bed 
in most instances, an approach toward 
normal, ambulatory activity during illness 
or following operation would appear to be 
a logical prophylactic measure. This was 
first attempted in 1899, but was not 
practiced extensively by surgeons in this 
country before 1940, chiefly because of the 
fear of wound disruption. The evidence 
regarding the effectiveness of early ambu- 
lation in preventing thrombosis and em- 
bolism is conflicting. Zava** in more than 
6000 patients had not a single embolism. 
Leithauser,“” whose recent book reviews 
the literature on this subject, noted only 2 
instances of thrombosis and no embolism 
in more than 2000 patients who were 
ambulatory on the day of operation or the 
first postoperative day. Jorpes,* on the 
other hand, presents evidence that “medi- 
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cal gymnastics and early ambulation”’ will 
reduce the incidence of thrombosis only to 
0.61% in surgical patients and that the 
mortality in these patients is 20%. Pow- 
ers, in a careful analysis of 1519 patients 
following major operations, concluded that 
early ambulation and active exercises in- 
creased the incidence of thrombo-embolic 
complications slightly but reduced the in- 
cidence of fatal embolism by about 50%. 
This has also been the experience of 
others.’ It has been repeatedly stressed 
that early ambulation actually 
walking, rather than sitting in a chair, 
which may diminish venous return. Leit- 
hauser* believes that walking on the day 
of operation may be an important factor 
in his success with this method. 
PROPHYLACTIC ANTICOAGULANTS, Hep- 
arin was first used prophylactically by 
Crafoord™ as early as 1935, and in 1941 
'8 reported the results in 325 patients 
in whom thrombo-embolic complications 
were virtually eliminated. The experience 
of Murray“ in postoperative patients and 


means 


he 


Leissner*® in postpartum patients was sim- 
ilar. Jorpes* believes that because of the 
risk of hemorrhage and the expense it is 
not possible to give heparin prophylacti- 
cally to all or the majority of postoperative 
patients but that it should be used prophy- 
lactically in patients in whom there is an 
unusual risk of a thrombo-embolic com- 
plication. 

Dicumarol has also been used prophy- 


lactically, relatively large series being re- 
ported by Bruzelius,’ Allen* and Barker 


and his associates. All have noted 
an apparently significant reduction of 
thrombo-embolic complications. In the 
most recent review of the use of dicumarol 
at the Mayo Clinic,’ minor hemorrhage 
(epistaxis, hematuria and localized ecchy- 
mosis) was noted in 3.4% of 1983 post- 
operative patients and serious bleeding 
(from operative wounds or from the gastro- 
intestinal tract) in 18%. Two patients 
died hemorrhage although the 
authors are not certain that the fatal 
hemorrhage could be definitely attributed 
to the effect of dicumarol. 


from 
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In comparison with dicumarol the ad- 
vantages of heparin are its prompt effect 
on the coagulability of the blood and the 
prompt neutralization of its effect by pro- 
tamine, while disadvantages are its high 
cost and the necessity for frequent or con- 
tinuous parenteral administration. Walker 
and Rhoads*’ have shown that heparin and 
dicumarol have a complementary effect 
and that this may be used to advantage by 
giving them simultaneously. In dicumar- 
inized patients with a prothrombin time of 
20 to 30% of normal, intramuscular injec- 
tions of heparin at intervals of 6 to 12 
hours result in a prolonged and more 
evenly maintained elevation of the coagu- 
lation time. 
have advocated the subcutaneous admin- 
istration of heparin in Pitkin’s menstruum, 
which delays absorption and reduces the 


Loewe and his associates® 


amount of heparin required. 

Dicumarol is inexpensive and may be 
given by mouth. Disadvantages of dicu- 
marol are the unpredictable response in 
many individuals, the lack of a reliable 
method of restoring the prothrombin to 
normal promptly if hemorrhage occurs, 
the exacting laboratory procedure required 
for control, the delay in reduction of the 
prothrombin to effective levels for 48 to 72 
hours, and the contraindications to the use 
of this drug in many of the patients most 
in need of protection. 

Anticoagulants should not be used un- 
less adequate personnel and equipment are 
available for careful laboratory control. 

PropHy.actic VEIN LIGATION. Recog- 
nizing that the above prophylactic meth- 
ods are not always applicable or effective 
in preventing thrombosis and embolism, 
prophylactic femoral vein ligation has been 
proposed as a means of preventing fatal 
embolism in patients in whom the mortal- 
ity from this cause is comparatively high. 
In elderly patients with hip fractures, for 
example, pulmonary embolism has been 
found to be a common cause of death.” 
Allen? found that in 110 consecutive 
patients with hip fractures death from 
massive embolism occurred in 11 (10%). 
In another consecutive series of 110 
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patients in whom bilateral femoral vein 
ligation was done prophylactically, there 
were no deaths from embolism. The 
largest series of prophylactic femoral liga- 
tions reported has been done by Allen.’ 
In 458 patients with prophylactic ligation 
death from embolism occurred in only one, 
in whom a thrombus was found in the 
proximal segment of the superficial femoral 
vein ligated 3 em. distal to the profunda 
femoris. In a comparable control series of 
458 patients without prophylactic ligation, 
death from embolism occurred in 26. 
These figures suggest that 458 prophylactic 
ligations saved the lives of 25 patients. In 
the 458 patients with prophylactic ligation 
“phlebitis” occurred in only 5 while in the 
control series it occurred in 55. Allen 
states that “it comes as an added dividend 
that thrombophlebitis is likewise pre- 
vented.” 

In 2 recent elderly patients with hip 
fractures at the Hospital of the University 
of Pennsylvania, death from massive em- 
bolism occurred following prophylactic 
superficial femoral ligation. In both the 


ligature had been placed about 5 cm. distal 
to the common femoral vein, and there was 
evidence at autopsy that a thrombus had 
formed in the isolated proximal segment of 


the superficial femoral vein. It thus 
appears evident that maximal protection 
is afforded only if the superficial femoral is 
ligated at its junction with the profunda 
femoris. Recent anatomic studies dem- 
onstrate that identification of the junction 
of the superficial and deep femoral veins 
may necessitate considerable dissection.” 
Recent experiences of Erb and Schu- 
mann with prophylactic ligations in 
elderly patients have not been favorable. 
In a series of 100 consecutive patients with 
hip fractures at the Philadelphia General 
Hospital, bilateral superficial femoral liga- 
tion (at the junction with the profunda) 
was done in alternate patients. Death 
from massive pulmonary embolism oc- 
curred in 2 of the 50 ligated patients and 
in 2 of the 50 not ligated. In addition, 
non-fatal pulmonary infarction occurred in 


7 patients following ligation and in 4 who 
were not ligated. 

Tue TREATMENT OF PHLEBOTHROMBO- 
sis: ANTICOAGULANTS VERSUS FEMORAL 
Vein Ligation. Despite the encouraging 
results of the prophylactic measures cited 
above, protection is not afforded in all 
instances. In addition, the most effective 
prophylactic measures, anticoagulants and 
femoral vein ligation, cannot be applied in 
all postoperative patients. The problem of 
phlebothrombosis and resultant pulmonary 
embolism has not, therefore, been elimi- 
nated by prophylaxis. 

The diagnosis of phlebothrombosis re- 
mains a major problem, principally be- 
‘ause many fatal embolisms occur without 
warning signs or symptoms.” As men- 
tioned above, two tests" ?° designed to 
show increased coagulability of the blood 
have been recently described, but neither 

yas sensitive enough to detect or predict 
the occurrence of thrombosis. At present a 
positive Homans sign or even slight calf 
tenderness is regarded as evidence of 
phlebothrombosis requiring active treat- 
ment unless another cause can be clearly 
shown. 

Both anticoagulants and femoral vein 
ligation have been effective in the treat- 
ment of phlebothrombosis. It is the 
opinion of the author that neither has been 
shown to be superior to the other on the 
basis of present data. Advantages of anti- 
coagulants are that an additional operative 
procedure is not required, the likelihood of 
venous obstruction in the legs is not in- 
creased, and protection is afforded not only 
in the legs, but throughout the body. In 
favor of superficial femoral vein ligation 
is the fact that prompt protection is 
afforded by a simple, relatively innocuous 
operative procedure without disturbing so 
vital a function as the coagulability of the 
blood. 

Recent statements of those with a strong 
preference for anticoagulants or femoral 
vein ligation are representative of current 
differences of opinion. E. V. Allen, Hines, 
Kvale, and Barker,> leading exponents of 
anticoagulants, state that they “do not 
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know of any results from ligation of veins 
which approach in excellence those derived 
from our experience with anticoagulants”’ 
and that their opinion, “after weighing 
available evidence, is that the use of anti- 
coagulants is, in general, a much better 
method of treatment than ligations of 
veins.” Ochsner,*® on the other hand, 
states “that immediate surgical interven- 
tion should be undertaken as soon as the 
diagnosis of phlebothrombosis is made,” 
and “this condition takes precedence, as far 
as urgency is concerned, over any other 
-ase on the service except that of massive 
He believes that “although 
the administration of anticoagulants will 
prevent the formation of new thrombi it 
will in no way prevent the detachment of 
those thrombi which are already in exist- 
ence’ and that “‘to deny a patient with 
phlebothrombosis the advantage of the 
thrombectomy or ligation is hazardous 
because of the likelihood that detachment 
of the thrombus will produce non-fatal 
infarction or fatal embolism.” Homans,*! 
who introduced femoral ligation in this 
country, states that it is his “impression, 
at the moment, that today’s tendency is 
toward increased use of the anticoagulant 
drugs.” 


hemorrhage.” 


An accurate appraisal of the value and 
and 
femoral ligation is not possible at present. 


appropriate use of anticoagulants 


Since death from pulmonary embolism 
occurs only once following every 1000 
operations, the accumulation of significant 
statistical data concerning any method of 


prophylaxis or treatment will require many 


more years of careful study. 

Ligation aT Various LEvets. From 
his extensive experience Allen? has con- 
cluded that bilateral ligation of the super- 
ficial femoral vein is to be preferred for 
prophylaxis and treatment, and this level 
has been generally adopted. Recent ana- 
tomic studies show that complete protec- 
tion may not be afforded at this level,” 
and there are some who now advocate 
common femoral ligation’ although such 
ligations have been followed by serious 
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venous insufficiency in some instances.!* 
When the thrombotic process has extended 
proximal to the femoral veins, ligation of 
the iliac veins and vena cava has been 
performed in relatively large series.***. 
Iliac and caval ligations are major opera- 
tive procedures, requiring spinal or general 
anesthesia. Allen? and Homans* believe 
these operations have been overdone. 

THROMBOPHLEBITIS. Paravertebral pro- 
caine block of the lumbar sympathetic 
ganglia for full-blown acute thrombophleb- 
itis, as suggested by Leriche and Jung” 
and Ochsner and De Bakey,® has become 
an established and widely practiced pro- 
cedure. Some question whether it is more 
effective in instances than other, 
simpler measures which produce vasodila- 
tation and they make the point that it 
does not prevent pulmonary embolism.**! 
Jorpes® has reviewed the large amount of 
evidence that heparin is effective in reliev- 
ing the signs and symptoms of acute 
thrombophlebitis and in shortening the 
course of the disease. There is recent 
evidence that ligation of the femoral and 
saphenous veins may be helpful in chronic 
thrombophlebitis (chronic venous insuffi- 
ciency) by eliminating the stagnant col- 
umn of blood in the valveless, incompetent 
veins. 14:15,30 

Putmonary Empoutsm. De Takats and 
Fowler” believe the mortality of pulmo- 
nary embolism may be reduced by the 
prompt use of atropine and papaverine to 


most 


reduce vasospasm and bronchospasm. The 
effectiveness of heparin given intraven- 
ously immediately after pulmonary embol- 
ism has been well shown by Murray.” In 
149 heparinized patients, many of whom 
appeared to be in extremis, there were no 
deaths, whereas in a control series death 
occurred in 20%. 

Summary. The thrombo-embolism prob- 
lem as it exists today has been pre- 
sented. Current trends in prophylaxis and 
It is evi- 
dent that progress has been and is being 
made in lowering the morbidity and mor- 
tality of this disease. 


treatment have been reviewed. 


I 
( 
] 
f 
] 
( 
( 
I 
l 
3 
l 
( 
3 


SURGERY 


REFERENCES 


(1.) Allen, A. W.: Kentucky Med. J., 42, 160, 1944. (2.) Allen, A. W.: Bull. New York Acad. Med., 
22, 169, 1946. (3.) Allen, A. W.: Surg., Gynec. and Obst., 84, 519, 1947. (4.) Allen, E. V.: J. Am. 
Med. Assn., 135, 15, 1947. (5.) Allen, E. V., Hines, E. A., Jr., Kvale, W. F., and Barker, N. W.: Ann. 
Int. Med., 27, 371, 1947. 

(6.) Barker, N. W., Cromer, H. E., Hurn, M., and Waugh, J. M.: Surgery, 17, 207, 1945. (7.) Bauer, 
G.: Arch. Surg., 43, 462, 1943. (8.) Bauer, G.: J. Am. Med. Assn., 131, 196, 1946. (9.) Belt, T. H.: 
Am. J. Path., 10, 129, 1934. (10.) Blodgett, J. B., and Beattie, E. J.: Surg., Gynec. and Obst., 82, 485, 
1946. (11.) Brambel, C. E., and Loker, F. F.: Proc. Soc. Exper. Biol. and Med., 53, 218, 1943. (12.) 
Breslich, P. J.: Journal-Lancet, 58, 445, 1938. (13.) Bruzelius, S.: Acta chir. Scand., 92, 1 (Supp. 100), 
1945. (14.) Buxton, R. W., and Coller, F. A.: Surgery, 18, 663, 1945. (15.) Buxton, R. W., Farris, 
J. M., Moyer, C. A., and Coller, F. A.: Surgery, 15, 749, 1944. 

(16.) Carlotti, J., Hardy, I. B., Linton, R. R., and White, P. O.: Quoted by Homans, J.*! (17.) Cra- 
foord, C.: Acta chir. Scand., 79, 407, 1937. (18.) Crafoord, C.: Acta Med. Scand., 107, 116, 1941. 

(19.) Dennis, C.: Surgery, 17, 264, 1945. (20.) De Takats, G.: Surg., Gynec. and Obst., 77, 31, 
1943 (21.) De Takats, G., and Fowler, E. F.: Surgery, 17, 153, 1945. (22.) Donaldson, G. A.: Surg. 
Clin. North America, p. 1037, October, 1947. 

(23.) Edwards, E. A., and Robuck, J. D.: Surg., Gynec. and Obst., 85, 547, 1947. (24.) Erb, W. H., 
and Schumann, F.: (To be published). 

(25.) Frykholm, R.: Surg., Gynec. and Obst., 71, 307, 1940. 

(26.) Goldoner, H., Morse, L. J., and Angrist, A.: Surgery, 18, 418, 1945. 

(27.) Homans, J.: New England J. Med., 211, 993, 1934. (28.) Homans, J.: Surg., Gynec. and 
Obst., 79, 70, 1944. (29.) Homans, J.: New England J. Med., 235, 163, 1946. (30.) Homans, J.: New 
England J. Med., 235, 249, 1946. (31.) Homans, J.: Am. J. Med., 3, 345, 1947. (32.) Hunter, W. C., 
Sneeden, V. D., Robertson, T. D., and Snyder, G. A. C.: Arch. Int. Med., 68, 1, 1941. 

(33.) Jorpes, J. E.: Heparin in the Treatment of Thrombosis, London, Oxford Univ. Press, 1946. 
(34.) Jorpes, J. E.: Surg., Gynec. and Obst., 84, 677, 1947. 

(35.) Kirby, C. K.: Surg., Clin. North America, p. 1389, December, 1946. (36.) Kirby, C. K., and 
Rhoads, J. E.: (To be published). (37.) Knisely, M. H., Bloch, E. H., Eliot, T. 8., and Warner, L.: 
Science, 106, 431, 1947. 

(38.) Lam, C. R., and Hooker, D. H.: Ann. Surg., 123, 221, 1946. (39.) Leissner, H.: Acta Med. 
Scand., 107, 127, 1941. (40.) Leithauser, D. J.: Early Ambulation, Springfield, Ill., Charles C Thomas, 
1946. (41.) Leithauser, D. J.: Personal communication. (42.) Leriche, R., and Jung, A.: J. de chir., 
37, 481, 1931. (43.) Loewe, L., Rosenblatt, P., and Hirsch, E.: J. Am. Med. Assn., 130, 386, 1946. 

(44.) McCartney, J. 8.: Surgery, 17, 191, 1945. (45.) Moses, W. R.: New England J. Med., 235, 
1, 1946. (46.) Murray, Gordon: Surg., Gynec. and Obst., 72, 340, 1941. (47.) Murray, Gordon: Surg., 
Gynec. and Obst., 84, 665, 1947. 

(48.) Neumann, R.: Virchows Arch. f. path. Anat., 301, 708, 1938 

(49.) Ochsner, A.: J. Am. Med. Assn., 132, 827, 1946. (50.) Ochsner, A.: Surgery, 17, 240, 1945. 
51.) Ochsner, A., and De Bakey, M.: Southern Surg., 8, 269, 1939. (52.) Ochsner, A., and De Bakey, 
M.: Surgery, 5, 491, 1939. 

(53.) Powers, J. H.: Am. J. Med., 3, 224, 1947. 

(54.) Ries, E.: J. Am. Med. Assn., 33, 454, 1899. (55.) ROssle, R.: Virchows Arch. f. path. Anat. 
300, 180, 1937. 

(56.) Thebout, B. R., and Ward, C. W.: Surg., Gynec. and Obst., 84, 385, 1947. 

(57.) Walker, J., and Rhoads, J. E.: Surgery, 15, 859, 1944. 

(58.) Zava, L.: Policlinico (sez. prat.), 47, 865, 1940. 


225 
d 
yf 
n 
56 
il 
ic 
= 
1e 
re 
a- 
it 
21 
of 
te 
ie 
nt 
id 
ic 
fi- 
nt 
id 
he 
to 
he 
n- 
In 
ym 
no 
th 
yb- 
re- 
nd 
vi- 
ng 


PROGRESS OF MEDICAL SCIENCE 


OPHTHALMOLOGY 


UNDER THE 


CHARGE OF 


WILLIAM L. BENEDICT, M.D. 


HEAD OF THE SECTION OF 


OPHTHALMOLOGY, 


MAYO CLINIC 


AND 


WAGENER, M.D. 


ASSISTANT PROFESSOR OF OPHTHALMOLOGY, MAYO FOUNDATION 


ROCHESTER, 


MINNESOTA 
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As presented in the usual textbook on 
organic neurology or neuro-ophthalmol- 
the subject of visual hallucinations 
relatively simple. Thus, Rea" 
states that visual hallucinations may oc- 


ogy, 
seems 


cur in the blind field in cases of hemianop- 
sia which must not be mistaken for the 
visual hallucinations of insanity and which 
are due probably to irritation of the visual 
center. He states further that 
the hallucinations due to tumor of the 
temporal lobe consist of definite images 
of people, animals or scenes, while those 


memory 


due to lesions in the occipital lobe consist 
of flashes of light, sparks and the like. 
According to Weinberger and Grant,'® 
similar statements are made by Jelliffe 


and White, Brain, Brain and Strauss, 
Wechsler, Grinker, and Purves-Stewart. 
However, if one reads further into orig- 
inal articles and individual case reports, 
the subject becomes much more complex 
and extremely confusing. Thus, in dis- 
cussing a single type of hallucination, the 
lilliputian, Savitsky and Tarachow" state 
that the occurrence has been reported in 
measles, erysipelas, typhoid fever; during 
the convalescent stage of cholera, chorea 
and sepsis; in acute and chronic alcohol- 
ism; in intoxications with cocaine, hash- 
ish, hyoscin, caffeine, atropine, chloral and 
ether; in general paresis; during the oculo- 
gyric crises of chronic encephalitis; in asso- 
ciation with tumors of the parietotemporal 
and temporosphenoidal lobes; in associa- 
tion with hemianopic field defects due to 
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vascular lesions in the occipital lobe; in 
the very aged; in cerebral arteriosclerosis; 
in hypnagogic states; in association with 
blindness secondary to cataract, exudative 
choroiditis, optic atrophy from acetylar- 
san, tobacco-alcohol amblyopia, chorio- 
retinitis; in schizophrenia; in epileptic 
aure; in hysteria; and following spinal 
anesthesia. 

It seems obvious, therefore, that the 
mere occurrence of visual hallucinations 
of any given type does not furnish any 
clue to the nature of the process giving 
rise to the hallucinations. It is true that 
estimation of the significance of any given 
hallucination will depend somewhat at 
least on the individual interpretation of 
the nature and origin of hallucinations in 
general. However, Nielsen’s'® statement 
on the diagnostic value of hallucinations 
“Tnasmuch 
activity in 


seems to be logical. He says: 
as hallucinations are merely 
the cerebral cortical areas of recall their 
occurrence in a given case must be ana- 
lyzed as to physical, chemical, toxic, voli- 
tional or subconsciously motivated origin 
or purpose. They do not of necessity have 
any psychotic significance even when ac- 
companied by delusions of their reality.” 
The assumption that, in organic disease of 
the brain, direct involvement of a particu- 
lar segment of the cortex is necessary to 
invoke a particular type of hallucination 
would seem to be rather an oversimplifi- 
cation. 

Some of the confusion regarding visual 
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hallucinations may arise from the varying 
types of spontaneous visual phenomena 
which may at times be considered as hal- 
lucinations. Weinberger and Grant" think 
that the most acceptable definition of an 
hallucination is that given by Dorland, 
“the perception of an object or phenome- 
non which has no external existence.” 
Allen? states that an image which is at 
the same time automatic and exteriorized 
is a sensory hallucination, while an image 
that is only automatic is a_ psychic 
hallucination. Nielsen'® calls an erroneous 
interpretation of an actual sensation an 
illusion. Grant® thinks that in visual illu- 
sion the visual system supplies false infor- 
mation about an object to consciousness. 
He includes in the “visual system” the 
retina and its cortical projections and also 
“the cerebral organizations whose func- 
tion is to give immediate meaning to 
Grant’ differentiates further 
sensory illusions, which arise from “the 
activities of the retina and its cortical pro- 
jection,” and perceptual illusions in which 
“while the sensory data are valid, the 
aroused memory associates err by falsely 
interpreting the stimulation.” 
called “hallucinations” 
lusions.”’ 


things seen.” 


Some so- 
are doubtless “ il- 
Included also in the general con- 


ception of hallucinations are visual phe- 
nomena such as the scintillating scotoma of 
migraine, the aura of epilepsy, prolonged 
or vivid after-images, and entoptic phe- 


nomena. Thus Maclay and Guttmann® 
think that the hallucinations induced by 
mescaline intoxication have an initial phys- 
iologie origin in an entoptic phenomenon, 
visibility of the capillaries of the choroid. 
In their opinion, the fact of hallucinating 
and some formal characters of hallucina- 
tions are so similar to physiologic and 
pathologic phenomena that they can be 
assumed to be physiologic in origin, but 
the content of the hallucination is deter- 
mined by psychologic experiences. 

In discussing the mode of origin of visual 
hallucinations, Johnson? mentions the 
ideas or theories of 4 authors. Hughlings 
Jackson hypothesized a visual ideation 
center from which the sensory discharges 
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might occur similar to the motor discharges 
of epilepsy. Jackson thought that stimuli 
for the discharge of these visual hallucina- 
tions might come not only from involve- 
ment of the cortical center itself but 
through the association tracts from a re- 
mote lesion. Henschen thought that all 
visual hallucinations originated in the oc- 
cipital cortex. Jolly and Pick thought 
that visual hallucinations had their origin 
in the optic tracts and Pick added in the 
geniculate bodies and optic thalamus. It is 
of interest in this connection that Cutting* 
believes that the underlying mechanism of 
dreams and hallucinations is similar and 
involves a return to a primitive “thala- 
mic” way of thinking. According to 
Johnson,’ Foster Kennedy believes that 
irritation of the occipital lobe produces 
simple or crude hallucinations and that 
irritation of the temporal lobe causes com- 
plex hallucinations. Kennedy writes: 
“Every individual, in his ascent from em- 
bryonic to adult life, passes through the 
stages through which the race has passed. 
The lower animals make their chief intel- 
lectual contact with their environment by 
means of the hippocampal lobes, which in 
man are relatively small and unimportant. 
It may well be that these areas subserve 
in man early intellectual functions which 
in later life are carried on by some higher 
mechanism. If this theory is true, then 
one may regard these apparitions as in- 
voluntary resuscitations of early, perhaps 
infantile, memory patterns.” 

The concept of visual hallucinations as 
revisualizations is supported by Nielsen’® 
and by Allen.? According to Nielsen,!° 
McDougall classifies hallucinations as 
representative, constructive and creative. 
Representative hallucinations are vivid re- 
visualizations or exceedingly clear recall, 
whether voluntarily or involuntarily pro- 
duced. Constructive hallucinations con- 
sist of aggregates or conglomerations of 
elements formerly seen. Nielsen'® does 
not agree that there can be creative hallu- 
cinations, new concepts made out of 
nothing. He states: “Hallucinations are 
the result of voluntary or involuntary 
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activity in the neuronal cerebral cortical 
system of recall. One experiences in hallu- 
cinations only what has been previously 
perceived through the senses. All hallu- 
cinations belong in the category of McDou- 
gall’s representative or constructive hallu- 
cinations; creative hallucinations do not 
occur.” Allen? speaks of the so-called 
“visuals’”’ who are able to visualize scenes 
and memory patterns. He mentions, pos- 
sibly as a transition to visual hallucina- 
tions, eidetic images which are neither 
after-images nor ordinary visual images 
but a special kind of visual memories which 
are projected into space as positive images 
with the original details and colors. 
Weinberger and Grant" state: “ Visual 
memory and previous visual experience 
are the sine qua non of any visual hallucina- 
tion. It is well known that congenitally 
blind children do not have visual halluci- 
nations, even in delirium, although they 
have auditory and kinesthetic hallucina- 
tions.”” They think that the opticovisual 
pathways function along the same lines as 
the general sensory systems and that ex- 
citations arising at any point from the 
retina to the brain give rise to a visual 
perception through fusion in the brain of 
purely sensory presentations with psychic 
factors. They explain the occurrence of 
simple and complex hallucinations in dif- 
ferent individuals under like circumstances 
by the variability of the image-making 
function of the mind. “For persons hav- 
ing a high degree of visual imagery, the 
sensory presentations produced by the ab- 
normal stimulation of the neuro-optic ap- 
paratus, such as occurs in association with 
irritations of the optic nerves, are pro- 
jected as rich and elaborate images. For 
those with a poor degree of visual imagery 
or absence of it, the visual images are 
simple and relatively ‘crude.’” As a re- 
sult of experience, visual perceptions are 
projected as if they came from the outside 
world so that even the blind “see” the 
hallucinations. Weinberger and Grant 
conclude, “The principles of cerebral local- 
ization cannot be applied to explain highly 
complex intellectual syntheses, which re- 
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quire on the face of it the integration of 
the entire brain.”’ 

On the basis of electrical stimulation 
experiments, it would appear that the 
source of all visual hallucinations should 
be in the occipital lobe or at most in the 
occipital and parietal lobes. According to 
Lyle,’ stimulation of the striate area 
(Brodman’s area 17) produces flashes of 
light. ‘“ When the occipital pole is stimu- 
lated, the light is projected before. the 
patient. If the upper or lower calcarine 
lips are stimulated, the flashes are in the 
lower or upper fields respectively, corre- 
Hal- 
lucinations, especially of light and color or 
simple and stationary objects, may be in- 
duced by irritation of area 18. More com- 
plex hallucinations are found with involve- 
ment of area 19.’ Lyle® states further 
that the chief function of area 19 is that 
of revisualization and that the faculties of 
recognition and revisualization which are 
separated in areas 18 and 19 are combined 


sponding with the fiber projections. 


in area 39 (the angular gyrus). According 
to Johnson,’ Ferrier believed that the cor- 
tex of the angular gyrus is the dominant 
area of the higher visual center. Brod- 
man’s areas 17 and 18 would seem to lie 
entirely within the occipital lobe, area 19 
partially in the occipital and partially in 
the parietal lobe, and area 39 in the 
parietal lobe. In agreement with these 
ideas, Lyle® tends to think that the visual 
hallucinations associated with tumors of 


the temporal lobe are caused by secondary 


involvement of the visuopsychic areas (39 
and 19). Lyle® brings up the question of 
the part played by cerebral dominance in 
the origin or occurrence of visual hallucina- 
tions when he says in reference to injuries 
of the occipital lobe, “On the major side, 
which is usually the left, irritation may 
result in visual hallucinations” and, in 
reference to tumors of the lower part of 
the parietal lobe, “If the lesion is on the 
left side, visual, and, by extension, audi- 
tory hallucinations may be present.” In 
this connection, it is of interest that 
Akelaitis! studied the visual functions in 
6 epileptics following complete section of 
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the corpus callosum and concluded that 
there was no dominance in either cerebral 
hemisphere for the functions of absolute 
or relative visual orientation, for absolute 
or relative discrimination of size, or -for 
recognition of colors, objects or letters. 
Lyle expresses the opinion that the major- 
ity of visual hallucinations, aside from 
flashes of light, arise from involvements of 
Brodman’s areas 18, 19 and 39. He says, 
“Visual hallucinations are occasionally de- 
scribed in lesions elsewhere, especially at 
the anterior tip of the temporal lobe and 
in the brain stem.’ In the latter connec- 
tion, he refers to “the production of visual 
hallucinations from tumors of the tegmen- 
tum of the midbrain, the ‘ Hallucinose 
pedunculaire of L’hermitte,’ which is prob- 
ably produced by the involvement of some 
of the sympathetic sleep-controlling cen- 
ters in the hypothalamus adjacent to the 
midbrain.” 

In 1933, Johnson’ published an exten- 
sive review of visual hallucinations ac- 
companying organic lesions of the brain 
and included an excellent bibliography. 
He reported 5 additional cases of his own. 
In 1 patient with a meningioma under the 
right temporal lobe, the hallucinations 
were complex but not lateralized, although 
a left homonymous hemianopsia was pres- 
ent. A patient with a tumor involving 
the left parieto-occipital lobe had complex 
visual hallucinations, again not lateralized 
although a right homonymous hemianopsia 
was present. A patient with a gunshot 
injury to the right occipital lobe had simple 
hallucinations lateralized to the left side 
and an associated left homonymous hemi- 
anopsia. A patient with an astrocytoma 
in the right cerebellar lobe had complex 
visual hallucinations which were not later- 
ilized, in association with an optic atrophy 
and bitemporal hemianopsia which John- 
son thought might be due to pressure on 
the inferior surface of the occipital lobes. 
A patient with a tumor involving both 
frontal lobes had normal fields of vision 
but had complex visual hallucinations 
lateralized to both temporal fields which 
Johnson’ thought might be due to pressure 
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irritation of the chiasm. Among Johnson’s 
conclusions from his study were: “ Visual 
hallucinations are elaborated in the higher 
visual centers in the occipital cortex;” 
“the production of visual hallucinations 
presupposes a partially or wholly intact 
visuopsychic or visuosensory area;” “an 
irritation of any part of the visual path- 
way may, under certain pathologic condi- 
tions, stimulate the higher visual centers to 
an elaboration of visual hallucinations; 
“complex visual hallucinations 

are projections of previously stored mem- 
ory pictures;” “visual hallucinations of a 
complex type point strongly to 
an implication of the visual pathway by a 
lesion in the temporal lobe;’’ “ crude visual 
hallucinations suggest an implication of 
the visual conduction tracts or higher vis- 
ual centers in the occipital lobe;” “as to 
the lateralizing value of visual hallucina- 
tions, a careful study of reported cases 
reveals that there is none, except that 
when the hallucinations are projected in 
a blind homonymous field it is a confirma- 
tory sign that the lesion is located in the 
contralateral hemisphere.” 

Johnson’s’ cases illustrated the varia- 
tions in the types of visual hallucinations 
and in the location of the lesions respon- 
sible for their production. And his conclu- 
sions might be said to present with essen- 
tial adequacy modern ideas on the inter- 
pretation and value of visual hallucina- 
tions in the topical diagnosis of organic 
lesions of the brain. It is of interest, how- 
ever, to review a few series of cases which 
have been reported since his publication. 
It might be postulated that greater sig- 
nificance should attach to lateralized than 
to global hallucinations, and particularly 
to hallucinations lateralized in a blind 
field. It would be of interest to know 
whether the type of a lateralized hallu- 
cination is of more localizing significance 
than the type of a global hallucination. 
However, in most of the reported series, 
the information as to lateralization of the 
hallucinations is not complete enough to 
warrant the drawing of conclusions. While 
it is true probably, as stated by Ironside,® 
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that visual hallucinations of hemianopic 
distribution are more commonly associated 
with gross intracranial lesions and visual 
hallucinations of more global distribution 
occur more commonly in toxic states, yet 
even among the hallucinations associated 
with intracranial tumors, the global seem 
to outnumber the lateralized hallucina- 
tions. Thus, Sanford and Bair" state that 
22 among 211 patients who had tumors 
involving the temporal lobe gave a history 
of visual hallucinations. The hallucina- 
tions were lateralized to the blind half of 
the field in only 2 patients. In the rest 
of the cases, the visions appeared in the 
seeing part of the field or oscillated back 
and forth from the seeing to the blind 
part. In Sanford and Bair’s” series, there 
was no essential difference in type between 
the hallucinations occurring in association 
with lesions involving the temporal lobe 
and those in lesions of the occipital lobe. 
Of 211 patients with tumors of the tem- 
poral lobe, 11 had formed hallucinations 
and 11 unformed; 2 of 45 patients with 
tumors of the occipital lobe had formed 
hallucinations and 2 unformed. 

In reviewing a series of 100 cases with 
visual hallucinations among a group of 
800 verified intracranial tumors, Cairns*® 
listed 10 as being associated with tumors 
of the occipital lobe. He stated that visual 
hallucinations of hemianopic distribution 
in the form of flashes of light or shadow 
might be the first or an early symptom of 
tumors in the occipital lobe. In 11 pa- 
tients with tumors of the parietal lobe, 
simple visual hallucinations occurred fol- 
lowed by a sensorimotor epileptic dis- 
charge. In 21 cases with tumors of the 
temporal lobe, the hallucinations were 
more complex in type and were associated 
with a variety of other sensory impressions. 
In 16 patients with tumors of the frontal 
lobe, visual hallucinations were experi- 
enced which did not differ in character or 
clearness from those associated with le- 
sions in other parts of the brain. Cairns® 
stated that the localization of the hallu- 
cinations experienced by patients with 
pituitary or suprapituitary tumors did not 
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correspond with the defects in the visual 
fields. He thought that visual hallucina- 
tions might occur with tumors involving 
any part of the cerebral cortex, the optic 
thalamus, or the optic chiasm, and that 
there must be ‘ 
stimulation of any part of which might 
set up hallucinations.”’ 

The figures given for the occurrence of 
visual hallucinations by Tarachow" in his 
review of 458 cases of supratentorial tu- 
mors are somewhat difficult to evaluate. 
Apparently, unformed hallucinations were 
complained of by 23 patients with lesions 
variously placed in the frontal, temporal, 
parietal and occipital lobes, inthe thalamus, 
third ventricle and pituitary. Fourteen 
lesions causing formed hallucinations were 
distributed among the frontal, temporal, 
parietal and occipital lobes and the optic 
chiasm. Among the cases in which the 
tumor was confined to the frontal lobe, 
formed hallucinations occurred in 1 and 
unformed in 2; in tumors confined to the 
temporal lobe, the hallucinations were 
formed in 2 and unformed in 2; in tumors 
confined to the parietal lobe, the hallu- 
cinations were formed in 1 and unformed 
in 2; and in tumors confined to the occipi- 
tal lobe, the hallucinations were formed 
in 2 and unformed in 2. Tarachow™ 
stated that pure occipital lobe lesions gave 
rise to visual hallucinations alone, not 
associated with other forms of hallucina- 
tions; but visual hallucinations, both 
formed and unformed, could occur in asso- 


‘a wide system of neurons, 


ciation with lesions spread almost equally 
throughout all the lobes of the brain. 
The figures given by Allen? likewise are 


rather difficult to interpret. It would ap- 
pear, however, that he encountered formed 
visual hallucinations in association with 
tumors in the frontal, temporal and occip- 
ital lobes, but not in the parietal lobe. 
Unformed visual hallucinations were en- 
countered in tumors involving any one of 
the frontal, temporal, parietal or occipital 
lobes. Allen stated that, in 
lesions in the occipital lobe, spontaneous 
visual phenomena, more often formed than 
unformed, might appear in the contra- 


vascular 
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lateral hemianopic field sometimes for a 
short time just before the onset of the 
hemianopsia, often while the hemianopsia 
was present, and sometimes during the 
disappearance of the hemianopsia. 
Weinberger and Grant" described and 
discussed the visual hallucinations observ- 
ed in 12 patients with adenomas of the 
pituitary body and 4 patients with tumors 
of the hypophysial duct. In 3 of the cases, 
the hallucinations were simple and not 
lateralized; in 2 cases, they were simple 
and lateralized; in 8 cases, they were com- 
plex and not lateralized; in 2 cases, they 
were complex and lateralized. In 1 pa- 
tient, simple hallucinations were seen in 
front of the blind right eye only in asso- 
ciation with complex hallucinations of 
global distribution. Two of the patients 
in whom the hallucinations were lateral- 
ized were totally blind. In only 1 case 


were the hallucinations lateralized to a 
blind hemianopic field. 

It is generally believed that visual hal- 
lucinations are more common in associa- 
tion with tumors involving the temporal 


and occipital lobes than in lesions involv- 
ing the optic nerves and chiasm. How- 
ever, Weinberger and Grant'® collected 22 
eases with visual hallucinations among 
139 pituitary adenomas (15.8%) and 6 
among 84 tumors of the hypophysial duct 
(7.1%). Sanford and Bair” reported vis- 
ual hallucinations in 10.4 % of 211 patients 
with temporal lobe tumors and in 8.9% 
of 45 patients with occipital lobe tumors. 

Weinberger and Grant think that all 
visual hallucinations are basically identical 
and that, therefore, the type of the hallu- 
cination is of no localizing significance. 
They stated: “The distinction has been 
made between the composition of a crude, 
or simple, hallucination and the composi- 
tion of a complex, or formed, hallucination 
without the difference being entirely clear. 
The 2 have been thought of as comprising 
separate order of phenomena, but this at- 
titude is not compatible with psychologic 
facts. The simple or crude hallucinations 
are recognized by the patient as being a 
‘thing’ just as the more elaborate images 
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are. Regardless of whether an image is a 
simple ‘thing,’ it nonetheless possesses 
enough characteristics to be recognizable 
and nameable. Between the sim- 
plest type of visual image and the most 
elaborate there are impereeptible grada- 
tions. From this point of view 
there are really no crude or complex images 
but merely hallucinations of different 
things. It seems to matter but 
little at what point in the neuro-optic 
apparatus the stimulus is given. The final 
perception does not correspond to the im- 
mediate stimulus but conforms to the 
background provided by experience.” 

On the basis of their review of the litera- 
ture, Weinberger and Grant” state: “It 
appears, therefore, that when the cases in 
the literature are scrutinized, the categoric 
opinions that distinctive types of halluci- 
nations are peculiar to either the temporal 
or the occipital lobe become highly doubt- 
ful.”” These authors conclude from their 
studies that visual hallucinations in them- 
selves have no localizing value whatever 
in focal diagnosis, that they may be pro- 
voked by lesions at any level of the neuro- 
optic apparatus, and that they are not due 
to local cortical excitability but are psy- 
chologic phenomena involving the total 
integrative activities of the mind. 

An unbiased survey of the material at 
hand would certainly seem to justify the 
conclusion that it is unwise to attribute 
too much localizing significance to the 
type of visual hallucination present in any 
given case of organic disease of the brain. 
And yet it is very difficult to rid the clini- 
cian of his impression that complex visual 
hallucinations, particularly if lateralized, 
furnish supportive evidence that the lesion 
is in the temporal lobe. In the most 
recently published book on Neuro-ophthal- 
mology, Walsh” discusses the subject of 
visual hallucinations with especial atten- 
tion to the report of Weinberger and 
Grant.” In reference to the frequency of 
hallucinations occurring in association 
with lesions affecting the optic nerves and 
chiasm, Walsh says: “We have not 
examined our tumor material from this 
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standpoint, but I should be greatly sur- 
prised if other than in temporal and oc- 
cipital lobe involvements there were any- 
thing like the number of cases of visual 
hallucinations that these observers de- 
scribed.” He recognizes the occurrence of 
visual hallucinations in individuals suffer- 
ing from purely ocular disorders and 
states: “Such visual hallucinations if they 
take the form of flashing lights either white 
or colored are properly attributed to reti- 
nal irritation, since individuals with sepa- 
ration of the retina commonly make com- 
plaints regarding such sensations of light 
but do not, so far as I am aware, complain 
of complex visual imagery.” Walsh® 


PROGRESS OF MEDICAL SCIENCE 


thinks that the visual hallucinations to 
postoperative cataract patients are psy- 
chologic and similar to the visual phe- 
In the conclusion 
of his discussion, Walsh" states: 
the 
Weinberger and Grant'® in foto. 


nomena of nightmares. 
| ‘ 
am 
conclusions of 
There 
are too many cases which support the 
proposition that hallucinations 
may arise as the result of temporal lobe 


unwilling to accept 


formed 


involvement and that unformed ones may 


originate in involvements of the occipital 


lobe to accept new evidence without its 
being further substantiated.”” And there 


the matter must rest. 
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PROCEEDINGS OF 
THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


SESSION OF DECEMBER 16, 1947 


Electrical Properties of Living Tissues. 
HERMANN SCHWAN, Dr. RER. NAT., Dr. 
HABIL (Kaiser-Wilhelm Institut Biophys., 
Frankfurt/Main, and AMEL, Phila. Naval 
Base). The dielectric constant, ¢, and 
conductivity, y, of living tissues can be 
measured for 6 hours in vitro. These con- 
stants determine the convection and dis- 
placement currents. Dispersions of ¢ and 
with frequency have been demonstrated 
in 3 frequency ranges: between 30,000 and 
300 ke. from 1935 to 1938, at lower fre- 
quencies in 1938, and above 300,000 ke. 
more recently. Inhomogeneous structure 
or polar orientation of molecules could 
cause each of these dispersions. The rela- 
tionships between ¢ and y and frequency 
alone do not elucidate the phenomena. 
At frequencies near 14 ke., the author 
has found that e of erythrocyte suspension 
is independent of temperature, showing 
that polar orientation is not responsible 
for dispersion in the 30,000 to 300 ke. 
range. Dispersion of € in the lowest fre- 
quency range is greater at higher values 
of y, which is itself not dispersed. The 
author ascribes these effects to polariza- 
tion at the electrode solution interface. 
Scanty measurements by Malov, Paetzold 
and Gsell at very high frequencies have 
now been extended over a wider range, 
160 to 830 me., by new techniques. Dis- 
persion of € and ¥ starts at about 600 mc., 
and is due to polar organization in the test 
solutions. 

Such measurements are fundamental in 
diathermy. The heat developed in fat 
decreases more than that developed in 
muscle or other tissues at higher frequen- 
cies. However, penetration decreases at 
diminishing wave lengths. The techniques 
mentioned above indicate optimal wave 


lengths for diathermy in the decimeter 
range. 


Other applications of electrical measur- 
ing techniques include determination of 
erythrocyte volume (hematocrit) with low 
frequencies, erythrocyte size distribution 
with extremely low or high frequencies, 
and erythrocyte wall thickness. Another 


new electrical technique, superior to the 
Westergren method, determines sedimen- 
tation rate precisely and rapidly. 


A New Method for the Extraction of Tis- 
sue Proteins, With Particular Reference to 
Muscle. R. AmpBerson, Pu.D., 
Rupert S. ANnpeRsON, Pu.D., Betty 
Cunn, and T. Erpés, M.D. (Dept. of 
Physiology, Univ. of Maryland, and Insti- 
tute of Physical Chemistry, Univ. of Upp- 
sala). Myogen and myosin may be ex- 
tracted from whole muscle, without cut- 
ting or grinding. The tissues are placed 
in closed vessels and frozen in CO, snow. 
Extracting solutions are then poured over 
them and extraction proceeds at 0° C. 

Distilled water extracts myogen from 
whole muscles, up to 2% of the net weight 
after 5 days. No myosin is extracted and 
the solutions remain low in ‘viscosity. 
Electrophoretic diagrams of white muscle 
extracts, after dialysis, show 2 compo- 
nents, 1 large and slow, the other small 
and fast. Red muscle extracts show, in 
addition, a myoglobin peak, of intermedi- 
ate velocity. 

Salt solutions, such as 0.4 mg. K phos- 
phate buffer at pH 7.6, which readily ex- 
tract myosin from minced or sliced mus- 
cles, are not able, for many days, to ex- 
tract this protein from whole muscles. 
Such salt solutions mobilize a larger yield 
of myogen, up to 4% of the wet weight, 
but the viscosity remains low. The elec- 
trophoretic diagrams are similar to those 
obtained from distilled water extracts. 
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When pyrophosphate (Na4P20;, 500 mg. 
%) is added to 0.4 mg. K phosphate 
buffer, the mixture is able to extract a 
minor percentage of the myosin of whole 
muscles, up to 1% of the wet weight, in 
addition to the myogen. Such extracts 
The elec- 
trophoretic pattern now shows a sharp 
peak, with 
faster than that of myoglobin. 
actomyosin nor actin appears. 


develop considerable viscosity. 


somewhat 

Neither 
The pres- 
ence of myosin is also demonstrated by 
sharp peaks in the ultracentrifuge sedi- 
mentation diagrams. 


myosin velocity 


The myosin may 
be separated from the other protein by 
electrophoretic fractionation. 


The Influence of Non-electrolytes on the 
Ionic Equilibria of Cells. M. H. Jacons, 
Pu.D. (Dept. of Physiology, Univ. of 
Penna.). It was shown by Donnan that 
the presence of non-diffusible ions may 
profoundly influence the distribution of 
diffusible ions in a heterogeneous system. 
It is not so well known that non-diffusible 
non-electrolytes may have a similar effect, 
provided that the system in question is 
subject to osmotic volume changes, as is 
almost always the case with animal cells. 

By the use of principles recently dis- 
cussed elsewhere (J. Cell. Comp. Physiol., 
30, 79, 1947) equations have been derived 
for the determination of the theoretical 
ionic and osmotic equilibria of a cell ex- 
posed to any desired mixture of an elec- 
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trolyte such as NaCl and a non-penetrat- 
ing non-electrolyte such as sucrose. These 
equations, when applied to a hypothetical 
cell having the properties and the approxi- 
mate composition of the mammalian eryth- 
rocyte, indicate that internal pH changes 
of very considerable magnitude might be 
produced by merely varying the propor- 
tion in the external solution of the 2 en- 
tirely neutral solutes in question. 

The equations also permit further pre- 
dictions, which have been confirmed ex- 
perimentally, concerning the character of 
the volume changes produced by the addi- 
tion of different quantities of NaCl to 
suspensions in a solution of sucrose of (a) 
normal, (b) ion-impermeable, and (c) ca- 
(The con- 
dition of ion-impermeability can be ap- 
proximately realized by treatment of the 
cells with dilute tannic acid; that of cation- 
permeability by a short exposure to buty] 


tion-permeable erythrocytes. 


alcohol.) With increasing additions of 
NaCl the ion-impermeable cells at equilib- 
rium show only shrinkage, the cation-per- 
meable cells only swelling, while the nor- 
mal cells show swelling at very low con- 
centrations of salt, a maximum volume 
and a return to the original volume at 
moderate concentrations, and increasing 
The 


observed positions of maximum volume 


shrinkage at higher concentrations. 


and of no volume change are in reasonably 
good agreement with those calculated theo- 
retically. 
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SurGicAL DisoRDERS OF THE CHEsT. By 
J. K. Donatpson, M.D., F.A.C.S., Assoc. 
Prof. of Surgery, Univ. of Arkansas School 
of Medicine, etc. 2nd ed. Pp. 485; 146 
ills., 2 color plates. Phila.: Lea & Febiger, 
1947. Price, $8.50. 

Tue first edition of this book was widely 
accepted as being among the best of the few 
available texts dealing with surgical diseases 
of the chest. In this edition most of the 
material has been revised and much rewrit- 
ten; 120 pages and 22 illustrations have been 
added. Recently introduced operations on 
the great vessels are described, and advances 
in thoracic surgery during World War II 
are discussed, with emphasis on hemothorax 
and decortication of the lung. The book is 
not intended for specialists in thoracic 
surgery; for students, general practitioners, 
and surgeons without special training in 
thoracic surgery, however, it is a valuable 
source of clear and accurate information 
about the pathogenesis, diagnosis and treat- 
ment of surgical chest diseases. References 
to articles appearing within recent months 
are included, and in general the book is 
probably as up-to-date as possible in this 
rapidly expanding field. C. K 


Doctor Freup. An Analysis and a Warn- 
ing. By Emit Lupwie. Pp. 317. New 
York: Hellman, Williams & Co., 1947. 
Price, $3.00. 


Ir is said of this book that in Europe it is 
either damned or praised to the skies. In 
America it will probably rouse a considerable 


interest. It will be seen that the author’s 
spear is pointed more at Freud’s philosophy 
than at his psychology, and at that philoso- 
phy as it spreads into education, sociology, 
economics and religion. But Emil Ludwig, 
the biographer of Napoleon' and Goethe, 
when he objects to the historical analysis of 
these men by Freud and his disciples, is on 
his own ground. His comments on Freud’s 
life are also within his own boundaries. Most 
Americans will think that his ventures into 
psychology and psychiatry leave him far 
from home. E. B. 


ANDREAS VESALIUS BRUXELLENSIS: THE 
Lerrer oF 1539. An An- 
notated Translation and Study of the 
Evolution of Vesalius’ Scientific Devel- 
opment. By B. peC. M. SauNDERs, 
F.R.C.S. (Epry.), and CHarLtes DonaLp 
O’Matiry. Pp. 94. New York: Henry 
Schuman, 1947. Price, $5.00. 

Irs introduction expanded by some 16 
pages, and with the addition of an index, this 
is otherwise a reprint of 1 of the 28 contribu- 
tions to the Studies and Essays in the History 
of Science and Learning Offered in Homage 
to George Sarton, published by the house of 
Henry Schuman, at $12, somewhat earlier 
in the same year. No statement of this 
relationship appears in the publication under 
review. 

As the first complete work of Vesalius to 
appear in the English language, the publica- 
tion is of exceptional interest, and even 
more deeply gratifying by virtue of the 
authority and scholarship the translator- 
editors have brought to their task. One 
can therefore only regret the more that such 
excelling inducements to the cultivation of 
an interest in medical history continue, at 
least in our country, to be subservient to 
the special interests of the bibliophile. It 
seems a pity that they are kept out of range 
of the modestly endowed library and indi- 
vidual that is tempted to feast on such 
stimulating fare but cannot afford it. 

W. McD. 


THE DEVELOPMENT OF MODERN MEDICINE. 
By Ricuarp Harrison Suryock, Px.D., 
Professor of History, Univ. of Pennsyl- 
vania. 2nd Ed. Pp. 457; 10 ills. New 
York: Alfred A. Knopf, 1947. Price, 
$5.00. 


Tuis edition of a well-known and valuable 
treatise on the history of medicine, which 
was first published in 1936, maintains its 
own high standard. The book is unique 
among medical histories for its emphasis on 
public health and for its integration of medi- 
cal and social history. As a general historian 
experienced in the study of social progress, 
Dr. Shryock has broadened the base of medi- 
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eal history. This 2nd edition is particularly 
valuable for its account of the powerful 
movements of the last decade directed 
toward group insurance against illness and 
lowered cost of medical care. The parts 
played by organized labor, industry and the 
Federal Government during the Roosevelt 
administration are well covered. The con- 
troversy between organized medicine and 
the proponents of new procedures in medical 
practice is well presented in an unbiased 
manner that loses nothing of interest in its 
careful preservation of an objective point of 
view. 

Emphasis is placed on the progressive 
development of coérdinated research, both 
in the basic sciences and the application of 
medical discoveries to improvement in clini- 
cal practice and public health. Attention 
is called to the changes in the age distribu- 
tion of the population brought about by 
success in the prevention and therapy of 
infectious disease, and stress is laid on the 
incidence of chronic disease, particularly of 
a degenerative character, and its implications 
in a society with an enlightened sense of 
responsibility for human welfare. The chap- 
ter on mental disease has been brought up 


to date with reference to the new apprecia- 
tion by the medical profession of psychoso- 
matic medicine, and the great frequency of 
psychoneurotic disorder, illustrated start- 
lingly in the medical experience of the late 
war. 


The final chapter on Some Contemporary 
Questions points out the leads that recent 
medical advance has given for future medical 
progress. It is quite in keeping with the 
spirit of an optimistic historian, who looks 
upon medicine as a great social science. 


THe Foor AND THE ANKLE. By PHILLIP 
Lewin, M.D., F.A.C5S., Associate Profes- 
sor of Bone and Joint Surgery, North- 
western Univ. Medical School. 3rd Ed. 
Pp. 847; 389 ills. Phila.: Lea & Febiger, 
1947. Price, $11.00. 

In this expanded edition, the author’s 
revisions incorporate recent information. 
The foot and ankle are again considered as 
a unit integrated with the whole, so that 
many conditions which only incidentally 
concern these structures are comprehensively 
discussed. 

The consideration of many different con- 
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ditions is sufficient in detail to make the 
book valuable as a reference. On the other 
hand it is easily readable as a textbook for 
the specialty student. The chapters on 
fractures, dislocations, and injuries have 
been enlarged. More space is devoted to 
vascular disturbances, and the author’s medi- 
cal experiences of the last war are included. 
In this edition the author frequently em- 
ploys outlines set off from the text to empha- 
size important material. The many draw- 
ings and photographs are of high standard 
and enhance the text. P. C. 


AMIABLE A BroGrapHy of Dr. 
OLIVER WENDELL Hotes. By ELEANOR 
M. Titton. Pp. 470; 9 ills. New York: 
Henry Schuman, 1947. Price, $5.00. 
OxsviousLy biographies should be informa- 

tive. This one is. Scrupulous labor went 
into its composition, along with an admirable 
determination to present Dr. Holmes as a 
whole. At times Miss Tilton seems almost 
to achieve the acme of balance defined by 
Lewis Carroll as erying “ Rillchiam” when 
uncertain whether to say tichard”’ or 
“William.’’ Dr. Holmes himself, however, ir- 
repressibly escapes his biographer’s dispas- 
sion and shows, among other things, that 
amiability is not the preponderant qualifying 
ingredient of his great yet uncreative literary 
abilities. 

Miss Tilton praises a ‘‘discriminating” 
review of 3 essays by Dr. Holmes, written by 
Gerhard for Tort AMERICAN JOURNAL OF THE 
MepicaL Scrences (22, 163, 1838). This 

Reviewer hopes she may accord a like adjec- 

tive to the statement that her book is recom- 

mended to everyone interested in physicians 

or in men of letters. E. T. 


A HANDBOOK ON DISEASES OF CHILDREN, 
INCLUDING DIETETICS AND THE COMMON 
Fevers. By Bruce Wiiuiamson, M.D. 
(Ep1n.), F.R.C.P. (Lonp.), Royal North- 
ern Hospital, London. 5th Ed. Pp. 408; 
83 figs. Baltimore: Williams & Wilkins, 
1947. Price, $4.50. 

Tus little book presents a brief outline 
of Pediatrics as seen by one competent and 
experienced observer. As such, it may be 
read with pleasure by the Pediatrician for 
its vivid descriptions and clear readable 
style. The author gives his own opinions 
and these are stimulating even when one 
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disagrees with them. The general practi- 
tioner will find much to help him in the brief 
but lucid descriptions and in the many prac- 
tical suggestions as to therapy. The photo- 
graphs are numerous and well chosen. Five 
editions in 14 years are sufficient indication 
of its popularity. For the undergraduate 
student, the book has the faults of any small 
handbook which covers a large field, and is 
not recommended. F. H. 


A TREATISE ON Gontoscopy. By MANUEL 
Urise Troncoso. Pp. 318; 117 ills., 35 in 
color. Phila.: F. A. Davis, 1947. Price, 
$10.00. 

Tuts book, by one of the pioneers in this 
subject, has the weight of authority which 
only comes from long acquaintance. The 
first part gives a comparison of the anatomy 
of the angle of the anterior chamber, in mam- 
matlia, from the rodents up to man; and then 
the microscopic anatomy of the angle in man 
compared with that seen with the gonioscope. 
An excellent chapter on the comparative 
physiology of the aqueous outflow is followed 
by one on the embryology of the angle by 
Ida Mann. The rest of the book is a history 
of the development of gonioscopy, the tech- 
niques of gonioscopic examination and a 
description of the angle of the anterior 
chamber in various pathologie conditions. 
It will undoubtedly take time to revise some 
of our clinical concepts in the light of our 
newer knowledge of the physiology of the 
aqueous outflow, but no ophthalmologist can 
afford to evaluate cases of glaucoma without 
inquiring into the status of the angle of the 
chamber. This will undoubtedly become a 
routine office procedure. This book should 
be in the hands of every competent ophthal- 
mologist who attempts to treat glaucoma. 

F. A. 


NUTRITIONAL DisORDERS OF THE NERVOUS 
SystemM. By Joun D. B.Sc., 
M.D. (Wags), M.R.C.P. (Lonp.), Assis- 
tant Physician and Neurologist, Cardiff 
Royal Infirmary. Foreword by GrorGE 
trippocH, M.D., F.R.C.P. Pp. 280; 103 
ills. Baltimore and London: Williams & 
Wilkins, 1947. Price, $5.00. 


Tue author presents a comprehensive and 
exceedingly well-documented account of the 
general effects of malnutrition in humans. 
The material is well organized and is pre- 
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sented in a readable, clear, critical and sys- 
tematic manner. Two chapters are devoted 
to the nutritional encephalopathies, 1 chap- 
ter each to degenerative lesions of the spinal 
cord and to polyneuritis. The history, chem- 
istry and pharmacology of the known vita- 
mins and the clinical pictures of pellagra and 
beriberi are fully dealt with. Of special 
interest are the well-illustrated chapters giv- 
ing the author’s personal experience among 
refugees and prisoners of war. Our present 
incomplete understanding of all the factors 
which determine the incidence of nutritional 
disease, and the unpredictability of success- 
ful therapy is acknowledged, and the possible 
roles of quantitative as well as qualitative de- 
ficiencies is discussed. The book is attrac- 
tively bound and well illustrated. J. L. 


CLINICAL NEURO-OPHTHALMOLOGY. By F. 
B. Watsn, M.D., F.R.C.S. Asso- 
ciate Professor of Ophthalmology, The 
John Hopkins Univ. Pp. 1532; 384 figs. 
Baltimore: Williams & Wilkins, 1947. 
Price, $15.00. 

Tuts is a monumental work. It represents 
the accumulated experience of years of care- 
ful observation of patients and a thorough 
study of the literature on neuro-ophthalmol- 
ogy. Dr. Walsh is well known for his original 
contributions to this subject, and his book 
far surpasses any in English that has at- 
tempted to cover the field. 

The 17 chapters are as follows: (1) The 
visual pathways. Diagnosis of lesions situ- 
ated at different levels. (2) Other cranial 
nerves. Topical diagnosis. (3) The auto- 
nomic system. (4) The pupil; normal and 
abnormal accommodation. (5) The eyelids 
and extraocular muscles. (6) Papilledema, 
optic neuritis, optic atrophy. (7) Congenital 
and development abnormalities and disease 
of the eyes and central nervous system. (8) 
Infection and parasitic invasions of the ner- 
vous system and their ocular signs, includ- 
ing an outline of nervous system and ocular 
syphilis. (9) Heredofamilial and degenera- 
tive diseases. (10) Toxic and Metabolic dis- 
eases. (11) Disorders of muscles. (12) Vas- 
cular lesions and circulatory disorders of the 
nervous system; ocular signs. (13) Ocular 
and intracranial tumors and related condi- 
tions. (14) Injuries by physical agents; ocu- 
lar signs. (15) Epilepsy; migraine, and other 
paroxysmal disorders. (16) The ocular signs 
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of hysteria; malingering, and traumatic neu- 
The psychiatric aspect of ocular dis- 
(17) Drugs, poisons, and toxic am- 


rosis. 
orders. 
blyopias. 

This book will be a welcome addition to 
the library of every ophthalmologist and 
neurologist and neurosurgeon. Pes 


Tomorrow's Foop—Tue Coming REVOLv- 
TION IN Nutrition. By James Rorty 
and N. Partie Norman, M.D. Pp. 258. 
New York: Prentice-Hall, 1947. Price, 
$3.50. 

Tue authors of this volume, a journalist 
and a physician, join forces to present an 
intriguing story addressed to the lay reader. 
They are concerned not so much with the 
quantity of food available to us, but rather 
with the quality as measured in the units 
of a balanced diet. They cite the growing 
record of physical ills that may be attributed 
in part to imbalanced nutrition. This im- 
balance can arise from the use of products 
produced on depleted soils, but more par- 
ticularly from the use of “devitalized” food- 
stuffs. Our food habits have been so devel- 
oped that we accept, in preference, highly 
milled cereal grain products and “pure” 
sucrose as major components of our daily 
food. “Enrichment” programs are not ac- 
cepted as the way to improve the situation. 

The food problem is not a simple one, 
being composed of nutritional, economic, 
social and political elements. The authors 
urge that the important discoveries of the 
soil scientist and the plant breeder should be 
utilized to increase the yield of foodstuffs, 
and also that improved methods of food 
processing be more generally adopted. Fi- 
nally, that more efficient and less wasteful 
methods of distribution are necessary. Only 
when all phases of the problem are integrated 
to the benefit of the consumers shall we 
enjoy the optimum nutrition now denied us. 


H. V. 


PRACTICAL ANESTHESIA FOR DENTAL AND 


OraL SurGERY—LocaL anpD GENERAL. 
By Harry M. D.DS., F.1.C.D., 
F.1.C.A. Consulting Oral Surgeon, Har- 
lem Hosp., New York City Cancer Insti- 
tute and Peekskill Hospital. 3d Ed. Pp. 
562; 238 ills. Phila.: Lea & Febiger, 1947. 
Price, $8.50. 


AND NOTICES 


Tus textbook has been revised and ex- 
panded in an attempt to keep pace with 
newer concepts and techniques in anesthesia. 
In addition to the chapters on nitrous oxide 
anesthesia, those dealing with intravenous 
anesthesia and the application of local anes- 
thesia in operative dentistry and root canal 
therapy have been expanded and rearranged. 
New illustrations have been added 

Several chapters are devoted to the physi- 
ology and pharmacology of inhalation anes- 
thesia and respiration. This effort, though 
commendable, is marred by numerous errors 
in basic physiology. For instance, the state- 
ments that a decrease in respiratory rate, 
and even apnea, can be produced by “‘over- 
oxygenation; that the innervation of the 
carotid body is via the vagus nerve; that 
“when a normal person assumes the recum- 
bent position, respiration usually becomes 
slower and deeper due to the irregular dis- 
tribution of the air in the pulmonary alveoli.” 

A superficial attempt is made to aid the 
dentist in evaluating poor risks for anes- 
thesia, but there is no recommendation for 
the hospitalization of certain poor-risk 
patients for anesthesia and oral surgery. In 
fact, the author tacitly decries such a prac- 
tice when he concludes, on the grounds of 
some questionable statistics, that office 
dental anesthesia is safer than hospital anes- 
thesia. 

This text should prove of some value to 
those practising local anesthesia for oral 
surgery and may be helpful to those inter- 
ested in various techniques of nitrous oxide 
anesthesia. The illustrations and charts are 
splendid. K. E. 


ANESTHETIC Metuops. By GEOFFREY 
Kaye, Ropert Orton and Dove.as 
RENTON. Univ. of Melbourne and the 
Alfred Hospital, Melbourne. Pp. 706; 188 
ills. Melbourne, Australia: W. Ramsey 
(Surgical) Pty. Ltd., 1946. 50 shillings. 
Tus new text is intended to provide more 

information than is present in manuals, but 

less than in exhaustive volumes written for 
specialists in anesthesiology. 

Basal, inhalational, intravenous 
spinal anesthesia are discussed thoroughly. 
Local anesthesia is not considered since the 
authors regard regional techniques as im- 
practical for casual anesthetists. It is 
unfortunate that such simple methods as 


and 
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caudal, brachial plexus, and lumbar sympa- 
thetic blocks are not described. 

The outline on premedication is brief and 
indefinite. Atropine and scopolamine are 
recommended for use only prior to adminis- 
tration of irritative vapors and intravenous 
anesthetics. The chapters concerned with 
the pharmacology of anesthetic agents are 
coneise and informative. The outstanding 
features of the book are the large number of 
excellent diagrams of anesthesia machines 
and the descriptions of the use of these 
machines in administration of anesthetics. 

The volume can be recommended to all 
physicians interested in anesthesia. Its con- 
servative viewpoint makes it of value to 
practitioners who must administer anesthetic 
agents occasionally. R. D. 


THe Lune. By Snow MILier, 
M.D., Sc.D., late Emeritus Professor of 
Anatomy, Univ. of Wisconsin. 2nd Ed. 
Pp. 222; 168 ills. Springfield, Ill.: Charles 
C Thomas, 1947. Price, $7.50. 


Tuts classic in anatomy represents a life- 
time of painstaking research by an investi- 
gator who lived to advanced years. Between 


the first publication of the volume in 1937 
and Miller’s death in 1939 he continued to 
gather material and to study the growing 
literature critically. Actually, however, the 
chief items added date from 1932 to 1935, 
the material of the Ist edition representing 
largely the results of research up to 1932. 

As the review of the Ist edition in this 
Journal stated, “Its greatest value lies in its 
superb illustrations, because these enable the 
reader to grasp and understand pulmonary 
structure in 3 dimensions.” The 2nd edition 
contains 16 more illustrations than the 1st, 
including 3 color plates, and 33 more refer- 
ences to the literature. The few inferior 
illustrations of the Ist edition have been 
replaced by better ones. New text material 
appears chiefly in 2 chapters. Miller added 
substantially to his concept of a true epithe- 
lial lining of the lung alveoli, through the 
introduction of sections from pathologic 
lungs. In the Preface he stated that he had 
devoted much time to this after the appear- 
ance of the Ist edition and found no reason 
to change his views. He admitted that 
“some workers think differently.” 

The second significant addition is in the 
text on the pleura, in which use is made of 
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O. Larsell’s ultimate discovery of nerve end- 
ings in the human pleura, after his initial 
failure to find them. The highly important 
chapters on the blood-vessels and lymphatics 
and on pulmonary lymphoid tissue remain 
virtually unchanged, as does the short chap- 
ter on “key points” with which every 
student of the lung is now familiar. 

The format is similar to that of the 1st 
edition. The illustrations and printing are 
slightly sharpened, and in general the press 
work is excellent. E. L. 


EssENTIALS OF ENpocrinoLocy. By Ar- 
THUR GROLLMAN, Px.D., M.D., Professor 
of Medicine and Chairman of the Dept. of 
Experimental Medicine, The Southwestern 
Med. Coll.; Attending Physician and Con- 
sultant in Endocrinology, The Parkland 
Hosp., Dallas, Texas. 2nd ed. Pp. 664; 
132 ills. Phila.: J. B. Lippincott, 1947. 
Price, $10.00. 


Tuis is in general a sound and well-written 
outline of endocrinology. Following a basic 
introductory survey, the text is divided into 
5 major parts, dealing respectively with the 
endocrine organs of the cranial cavity, the 
branchiogenic, abdominal and reproductive 
endocrines, and the hormones derived from 
non-endocrine organs. The style is gener- 
ally lucid, the approach conservative and 
the graphs and illustrations well chosen. 
The anatomic and physiologic factors under- 
lying the clinical disorders of each part of 
the endocrine system are generally well dis- 
cussed and properly emphasized, although 
the section on carbohydrate metabolism 
might be a little more detailed and less 
vague. There are a few typographical errors. 
The page subject headings and the list of 
therapeutic endocrine preparations on the 
inside covers are commendable features. 

The hypercritical might take exception to 
some errors of omission. For instance, the 
malignant potentialities of nodular goiter are 
inadequately stressed; the discussion of 
gynecomastia is too sketchy; the important 
contribution of the Coris on the interaction 
of insulin and anterior pituitary extract in 
carbohydrate metabolism is not mentioned; 
the concept of pseudohypoparathyroidism 
receives no comment; disturbances of carbo- 
hydrate metabolism in patients with hyper- 
functioning tumors of the adrenal medulla 
are not mentioned, and the contraindica- 
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tions to the testosterone therapy are insuffi- 
ciently emphasized. More space might have 
been given to the adaptation syndrome and 
its implications; and some may question 
the justification for considering metabolic 
craniopathy as a definite clinical entity. 
One wonders, also, whether Cushing’s syn- 
drome might have been more logically classi- 
fied as an adrenal disorder than as one 
of primary pituitary origin. One may seri- 
ously doubt the diagnostic value of the 
response to subcutaneous injections of small 
doses of epinephrine in suspected functioning 
tumors of the adrenal medulla. However, 
despite these relatively minor criticisms this 
book may be recommended as among the 
best in its field in the current American 
literature. E. R. 


ComMon Contagious DISEASES. By 
Puitip Moen Stimson, A.B., M.D., As- 
soc. Prof. of Clinical Pediatrics, Cornell 
Univ. Medical College. 4th ed. Pp. 503; 
67 ills., 8 plates, 6 in color. Phila.: Lea 
& Febiger, 1947. Price, $4.00. 

Tuts book continues to be a useful exposi- 
tion of the so-called contagious diseases. 
The contents have been largely rewritten; 
a new chapter on the sulfonamides and anti- 
bioties has been added; the chapter on pilio- 
myelitis is practically new; more illustrations 
and photomicrographs have been incorpor- 
ated and the bibliography brought up-to- 
date. The fact that this text has gone 
through four editions speaks for itself. 
Written by a pediatrician, the book omits 
some diseases that could qualify as con- 
tagious diseases, viz.: scabies and pediculo- 
sis; erysipelas. Certain aspects of some con- 
tagious diseases are also given slight notice. 
For example, no detailed discussion of 
cutaneous diphtheria and the pyodermas is 
included. However, this edition adequately 
fills a need for the student and practitioner. 


H. B. 


NEW BOOKS 


Clinical Neuro-Ophthalmology. By Frank 
B. Watsu, M.D., F.R.C.S. (Eprn.), Assoc. 
Prof. of Ophthalmology, The Johns Hop- 
kins Univ, Pp. 1532; 384 figs. Balt.: 


Williams & Wilkins, 1947. Price, $15.00. 
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Gonioscopy. By Manuret TRONCOso, 
M.D., Assist. Clinical Prof. of Ophthal- 
mology, College of Physicians and Sur- 
geons, Columbia Univ. Pp. 318; 117 ills., 
35 in color. Phila.: F. A. Davis, 1947. 
Price, $10.00. 


Dermatology in General Practice. By Sia- 
MUND S. GREENBAUM, B.S8., M.D., F.A. 
C.P., Prof. of Clinical Dermatology and 
Syphilology, Univ. of Pennsylvania Gradu- 
ate School of Medicine. Pp. 889; 846 ills., 
20 in color. Phila.: F. A. Davis, 1947. 
Price, $12.00. 


Practical Office Gynecology. By Karu Joun 
Karnaky, M.D., Assist. Prof. of Clinical 
Gynecology, Baylor Univ. Pp. 261; 113 
ills. Springfield, Ill.: Charles C Thomas, 
1947. Price, $7.50. 


Handbook on Fractures. By Duncan Eve, 
Jr., M.D., F.A.C.S., Assoc. Prof. of Sur- 
gery, Vanderbilt Univ. Pp. 263; 129 ills 
St. Louis: C. V. Mosby, 1947. Price, 


$5.00. 


Jaundice, Its Pathogenesis and Differential 
Diagnosis. By Roptn Movirt, M.D 
Pp. 261; 22 ills. New York: Oxford 
Univ. Press, 1947. Price, $6.50. 


Amiable Autocrat: A Biography of Dr. Oliver 
Wendell Holmes. By ELEANOR M. TILTON, 
Pp. 470; 9 ills. New York: Henry Schu- 
man, 1947. Price, $5.00. 


Dynamic Aspects of Biochemistry. By 
Ernest Batpwin, B. A., Pa.D., Univer- 
sity Lecturer in Biochemistry, formerly 
Fellow of St. John’s College, Cambridge 
Pp. 457; 33 figs. New York: The Mac- 
millan Company, 1947. Price, $4.00. 


Calcium and Phosphorus in Foods and Nutri- 
tion. By Henry C. SHerman, Mitchill 
Prof. Emeritus of Chemistry, Columbia 
Univ. Pp. 176. New York: Columbia 
University Press, 1947. Price, $2.75. 


400 Years of a Doctor’s Life. Collected and 
Arranged by GrorGe Rosen, M.D., and 
Beate Caspari-Rosen, M.D. Pp. 429. 
New York: Henry Schuman, 1947. Price, 
$5.00. 


Your Teeth: And How to Keep Them. By 
JeERoME J. Mitier, D.DS., formerly 
Assist. Prof. of Oral Surgery, New York 
Univ. Pp. 232; 44 figs. New York: Lan- 
tern Press, 1947. Price, $3.00. 
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Physics for the Anxsthetist. By R. R. Mac- 
\. intosH, M.A., M.D., F.R.C.S., D.A., Nuf- 
field Prof. of Anzsthetics, Oxford, and 
| W. Musuin, M.A., M.B., BS., 
- D.A. Pp. 235; 431 ills., 152 in color. 
Springfield, Ill.: Charles C Thomas, 1947. 
Price, $7.50. 


\ College Chemistry in Nursing Education. By 
id Epna Curtiss Morsg, R.N., A.M., Ep.D., 
u- Assist. Prof. of Home Economics, Colum- 
3. bia Univ. Pp. 260. New York: The 


7 Macmillan Company, 1947. Price, $4.00. 


Nursing in Modern Society. By Mary Eta 
{N Cuayer, R.N., A.M., Assoc. Prof. of 
‘al Nursing Education, Columbia Univ. Pp. 
13 288. New York: G. P. Putnam’s Sons, 
1S, 1947. Price, $4.00. 


‘he Oculorotary Muscles. By Ricuarp G. 
M.D., Instructor in Ophthalmol- 
r- ogy, Washington Univ. School of Medi- 
ils cine, St. Louis. Pp. 359; 112 figs. St. 
ce, Louis: C. V. Mosby, 1947. Price, $8.00. 


Tuis is a very readable book on the diagnosis 
ee and treatment of disturbances of the oculo- 
rotary of the eye. The author has an easy and 
D. informal style and develops his subject logi- 
ord cally and with clarity. He deals with a subject 
in which there are many controversial points 
and his dogmatism is justified in the interests 
her of teaching. The chief value of the book is in 
OX presenting the author’s view on comitant and 
¥ incomitant squint in children. The book will 
Wu- be of value to all who are interested in ocular 
muscle anomalies. (F. A.) 


~ 


‘nipolar Lead Electrocardiography. By 
ver- EMANUEL GOLDBERGER, B.S., M.D., Ad- 
erly junct Physician, Montefiore Hospital, New 
ge York. Pp. 182; 88 ills. Phila.: Lea & 
[ac- Febiger, 1947. Price, $4.00. 


Doctor Freud, an Analysis and a Warning. 
utri- By Emit Lupwie. Pp. 317. New York: 
chill Hellman, Williams & Co., 1947. Price, 
nbia $3.00. 


Ulcer, The Primary Cause of Gastric and Duo- 
denal Ulcer. By Donatp Cook, B.A., 


and M.D. Pp. 187; 27 figs. Chicago: Medi- 
and cal Center Foundation and Fund, 1947. 
429, Price, $5.00. 
rice, Blood Derivatives and Substitutes. By 
CHARLES STANLEY M.D., former 
By Prof. of Surgery, George Washington 
nerly Univ. School of Medicine, and Jacos 
York JosppH WEINSTEIN, B.S., M.D. Pp. 484; 
Lan- 190 figs. Balt.: Williams & Wilkins, 1947. 


Price, $7.50. 
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Hypnotherapy, a Survey of the Literature. 


By MarGaret BrENMAN, Pu.D., Prof. 
of Psychology, Univ. of Kansas, and 
Merton M. Giz, M.D., Assoc. Psychia- 
trist. The Menninger Foundation Mono- 
graph Series No. 5. Pp. 276. New York: 
International Universities Press, 1947. 
Price, $4.50. 


Tus is an authoritative book and one that 
is a valuable contribution to its field. It con- 
sists of: a section on hypnotherapy (originally 
published in 1944 by the Josiah Macy Jr. 
Foundation); 4 case studies in which hypno- 
therapy was employed; and an experimental 
study of ‘‘tension systems’ in the Lewinian 
sense. An extensive bibliography is included. 


(E. B.) 


A Primer of Cardiology. By Grorce E. 


Burcu, M.D., F.A.C.P., Assoc. Prof. of 
Medicine, Tulane Univ., and 
Reaser, M.D., Instructor in Medicine. 
Pp. 272; 203 ills. Phila.: Lea & Febiger, 
1947. Price, $4.50. 


ALTHOUGH the book is offered as a primer 
for beginners, the number of physicians who 
would fail to profit from its study is small 
indeed. Its emphasis has successfully been 
‘placed upon those cardiac problems which are 
likely to be of greatest importance in medical 
practice.” 


Annual Review of Microbiology. Vol. I. 


Edited by Cuaries E. Ciirron, SIDNEY 
Rarret, and H. Apert BarKer. Pp. 
404. Stanford, Calif.: Annual Reviews, 
1947. Price, $6.00. 


ImMPorRTANT developments in the rapidly grow- 
ing field of microbiology are considered in the 
review articles of this collection. The topics 
include rickettsis, respiratory viruses, chemo- 
therapeutic agents, immunochemistry, variation 
in plant fungi and viruses, growth factors for 
protozoa, bacterial metabolism, and nitrogen 
metabolism. All subjects are reviewed by indi- 
viduals who have done research work in the 
field concerned. The phases of any given sub- 
ject that are considered are at times limited, 
but are always informative. (I. Z.) 


NEW EDITIONS 


Mind and Memory Training. By Ernest E. 


Woop, former Principal of the D. G. Sind 
National College, Hyderabad, Sind. 2nd 
Ed. Pp. 188. London and New York: 
Pitman Publishing, 1945. Price, $2.50. 
Tuts book effectively exhibits the author’s 
knowledge of the history of memory training, 


including excerpts from the works of John 
Willis (pub. 1618) and those of ‘“‘a certain 


A. 


Major Beniowski,’’ with a special chapter on 
*‘Memory-men of India.’’ The few items of 
practical value are scattered somewhat thinly 
hrough this mass of material, and the book 
has little to offer the psychologist or psychia- 
trist. (E. B.) 


Poisons, Their Isolation and Identification. 
By Frank Bamrorp, B.Sc., late Director 
of the Medico-Legal Laboratory, Cairo. 
Revised by C. P. Stewart, M.Sc., Px.D., 
Univ. of Edinburgh. 2nd Ed. Pp. 304; 
23 ills. Phila.: Blakiston, 1947. Price, 


$5.00. 


Handbook of Diagnosis and Treatment of 
Venereal Diseases. By A. E. W. Mc- 
LACHLAN, M.B., Cu.B. (Eprn.), Consult- 
ant in Venereal Diseases, City and County 
of Bristol. 3rd Ed. Pp. 375; 160 ills. 
Balt., and London: Williams & Wilkins, 
1947. Price, $5.00. 


Tuis handbook, in 21 chapters, is about 
equally divided between syphilis and the other 
venereal diseases. The diagnosis and treatment 
of all the venereal diseases are adequately 
covered. The colored plates, especially those 
showing early generalized syphilis, are excellent. 
This book should be of great value to the 
medical student and the general practitioner. 


(B. H.) 
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The Foot and Ankle. By Putturr Lewty, 
M.D., F.A.C.S., Assoc. Prof. of Bone and 
Joint Surgery, Northwestern Univ. Medi- 
cal School. 3rd Ed. Pp. 847; 389 ills. 
Phila.: Lea & Febiger, 1947. Price, 
$11.00. 


Diseases of the Nose, Throat and Ear. By 
Lincotn BALLENGER, M.D., 
F.A.C\S., late Prof. Univ. of Illinois School 
of Medicine, and Howarp CHARLEs Bat- 
LENGER, M.D., F.A.C.S., Assoc. Prof. 
of Otolaryngology, Northwestern Univ. 
School of Medicine, assisted by Joun 
Jacosp BALLENGER, B.S., M.D. 9th Ed. 
Pp. 993; 597 ills., 16 plates. Phila.: Lea 
& Febiger, 1947. Price, $12.50. 


Synopsis of Neuropsychiatry. By Lowe. 
S. M.D., Ps.D., Dr.P.H., 
F.A.C.P., Director, Division of Mental 
Health, Florida Department of Health. 
2nd Ed. Pp. 561. St. Louis: C. V. 
Mosby, 1947. Price, $6.50. 

Tus book attempts to put all of neurology 
and psychiatry into 1 volume; the neuroses into 
24 pages; psychosomatic medicine into 7; child 
psychiatry into 30. It is a synopsis for 
general practitioner. (E. B 
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